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PREFACE 


This data book contains the latest product information for Fujitsu’s line of DRAM ICs. This year’s edition, 
however, does not include a section for DRAM modules. Both DRAM and SRAM modules are now in a 
Modules Data Book which you can obtain from your nearest Fujitsu Sales Office or Sales Rep. (See the 
Sales Information listing in this book.) 

In addition to the collection of DRAM data sheets, you will find valuable information on ordering and 
expanded packaging descriptions, both in the Order Information section. 

The Design Information section contains two new technical papers. The 3D Stacked Capacitor Cell for 
Mega Bit DRAM is a reprint of a technical paper from the Fujitsu Scientific and Technical Journal. We 
are pleased to be able to include an article from this highly respected journal. The second new paper is 
The Soft Error Rate for4M DRAM Devices, a significant article on these new DRAM devices. 

If you are interested in obtaining other Fujitsu product information, you will find the publications listing on 
the following pages quite useful. Once again, call one of our sales offices to obtain a copy of any of the 
documents. 


/// 




FUJITSU PRODUCT PUBLICATIONS 

The following is a list of the product publications available from Fujitsu. Call your nearest Fujitsu Sales Office or Sales 
Representative to order any document(s) you need. (See the Sales Information section for phone numbers.) 


MEMORY PRODUCTS 

Dynamic RAM Products Data Book 

Static RAM Products Data Book 

ECL RAM Products Data Book 

Programmable Memory Products Data 
Book 

Memory Modules Data Book 
Memory Card Products Data Book 

Power Transistor Products Data Book 


Contains product data sheets for NMOS and CMOS DRAMs, 
including 1 M and 4M devices, and MOS application-specific 
RAMs. 

Contains product data sheets for high-speed CMOS and 
BiCMOS SRAMs, low-power CMOS SRAMs and application- 
specific SRAMs. 

Contains product data sheets for ECL and TTL bipolar ECL 
RAMs, BiCMOS ECL RAMs, and application-specific RAMS 
including self-timed RAMs (STRAMs). 

Contains product data sheets for programmable ROMs (including 
registered and wide-temperature range PROMs); CMOS mask- 
programmable ROMS, OTP ROMs, erasable PROMs, and EE- 
PROMs; NMOS erasable PROMs and non-volatile RAMs. 

Contains product data sheets for CMOS DRAM modules (includ- 
ing high density and low profile) and CMOS SRAM modules. 

Contains product data sheets and programming information for 
68-pin JEIDA and PCMCIA standard memory cards and connec- 
tors and for 38-pin memory cards. 

Contains product data sheets for RETs, Darlington arrays, and 
FETs. 


Linear Products Data Book 


Linear Products Selector Guide 
Telecommunication Devices Data Book 


Telecommunication Devices Selector 
Guide 


Contains product data sheets for op amps, comparators, automo- 
tive audio amps, power supply controls, motor drivers, disk driv- 
ers, and converters (A/D, D/A, A/D-D/A, and F/V). 

Presents an overview of linear products. 

Contains product data sheets for bipolar prescalers and VCOs, 
CMOS PLLs, BiCMOS single-chip PLLs and Prescalers, 
CODECs, CMOS telephone ICs, and cellular mobile radio ICs. 

Presents an overview of telecommunication products and piezo- 
electric devices. 


Interface and Logic Products Selector Presents an overview of logic and interface devices. 
Guide 


CMOS 4-bit Microcontrollers Data Book, Contains product information, including the development tool for 
Vol. I the MB8850 and MB88200 families of 4-bit microcontrollers. 


CMOS 4-bit Microcontrollers Data Book, Contains product information, including the development tool for 
Vol. II the MB88500 family of 4-bit microcontrollers. 


CMOS 4-bit Microcontrollers Selector Presents an overview of the MB88500 (high end), MB8850 (mid- 

Guide range), and MB88200 (tow end) families of 4-bit microcontrollers. 



FUJITSU PRODUCT PUBLICATIONS (Continued) 
ASIC PRODUCTS 


CMOS Channeled Gate Arrays Data Book Contains product information for UHB Series High Drive CMOS 
and Design Evaluation Guide Gate Arrays and CGI 0 Series High Drive CMOS Gate Arrays. 

CMOS Channelless Gate Arrays Data Contains product information for All Series CMOS Series Gate 

Book and Design Evaluation Guide Arrays and CG21 Series CMOS Gate Arrays. 

CMOS Standard Cell Data Book and Contains product information for AU Series Standard Cells. 

Design Evaluation Guide 

ASIC CMOS Products Selector Guide Presents an overview of CMOS channeled and channelless gate 

arrays and standard cell products. 

BiCMOS Gate Arrays Data Book and Contains product information for BC Series BiCMOS Gate 

Design Evaluation Guide Arrays and BC-H Series BiCMOS Gate Arrays. 

ECL Gate Arrays Data Book and Design Contains product information for ET Series ECL Gate Arrays, H 
Evaluation Guide Series ECL Gate Arrays, Ultra-High Performance ECL Gate 

Arrays, and VH Series ECL Gate Arrays. 

ASIC Bipolar Products Selector Guide Presents an overview of BiCMOS and ECL gate array products. 


ASIC SOFTWARE 

The ASIC Gallery (catalog) Discusses the trend in ASICs: migration from using gates as 

primitives to using LSI and even VLSI macros as design ele- 
ments. 

The ASIC Design Environment (catalog) Provides an overview of the third-party tools that work in concert 

with Fujitsu’s proprietary tools, ViewCAD™, BankCAD™, 

ZephCAD, and FAME. Also included are product profiles explain- 
ing how the third-party tools fit within the design framework. 

ViewCAD User’s Guide Provides a basic understanding of Fujitsu’s proprietary CAD/CAE 

system, ViewCAD. This book provides information necessary to 
design, test, simulate, and analyze circuits using Fujitsu’s unit cell 
libraries for AU, UHB, CG10, CG21, and CG31 CMOS technolo- 
gies. 

ViewCAD Installation Guide Explains how to install Fujitsu’s proprietary CAD/CAE system, 

ViewCAD. 

CMOS ASIC Reference Manual for Provides a basic understanding of the Valid System on the Sun 

Validation platform as it interfaces with Fujitsu programs to build circuits 

using Fujitsu’s unit cell libraries for AU and UHB CMOS technolo- 
gies. 

FAME User’s Guide Provides a basic understanding of the Fujitsu ASIC Management 

Environment (FAME) software as it interfaces with third-party 
tools (Sun or PC) to build circuits using Fujitsu’s unit cell libraries. 

FAME Reference Manual Provides installation and directory information for the Fujitsu 

ASIC Management Environment (FAME) software, which uses 
third-party tools (Sun or PC) to build circuits using Fujitsu's unit 
cell libraries. 

Synopsys User’s Guide Provides a basic understanding of the Synopsys® system as it 

interfaces with Fujitsu programs to build circuits using Fujitsu’s 
unit cell libraries. 

v 



FUJITSU PRODUCT PUBLICATIONS (Continued) 

ASIC SOFTWARE (Continued) 

Verilog-XL User’s Guide Provides a basic understanding of the Verilog-XL® system as it 

interfaces with Fujitsu programs to build circuits using Fujitsu’s 
unit cell libraries. 

Future Publications 


For Fujitsu Microelectronics, Inc.: 
Master Product Guide/Catalog (1991) 

For Memory Products: 

Hybrid Products (1991) 

For ASIC Software: 

ASIC Design Environment 
Data Book (1991) 

ASICOpen™ Catalog (1991) 


Presents an overview of the entire range of products offered by 
Fujitsu Microelectronics. 


Presents Fujitsu’s hybrid products and discusses thick- and thin-film 
capabilities. 


Provides detailed information about the ASIC Design Methodology 
at Fujitsu. It contains an overview of the third-party tools that work 
in concert with Fujitsu’s proprietary tools, ViewCAD, BankCAD, 
ZephCAD, and FAME. Also included are product profiles explaining 
how the third-party tools fit within the design framework. 

Provides a small-scale ASIC Design Methodology at Fujitsu. It 
explains the design processes between two third-party tools, Syn- 
opsys and Verilog-XL, and Fujitsu’s proprietary tools, ViewCAD, 
BankCAD, and ZephCAD. 


Synopsys® is a registered trademark of Synopsys, Inc. 

Verilog-XL® is a registered trademark of Cadence Design Systems, Inc. 
ViewCAD™ and BankCAD™ are trademarks of Fujitsu Limited. 
ASICOpen™ is a trademark of Fujitsu Microelectronics, Inc. 
vi 
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Fujitsu’s Dynamic RAM Products 


Introduction 


Fujitsu manufactures a wide range of integrated circuits that 
includes linear products, microprocessors, 
telecommunications circuits, ASICs, high-speed ECL logic, 
power components (consisting of both discrete transistors 
and transistor arrays), and both static and dynamic RAMs. 

An extensive line of memory products includes volatile and 
non-volatile CMOS and ECL devices. 

Fujitsu’s Dynamic RAM product line offers devices for use in 
a wide range of applications. These memories are 
manufactured to meet the high standard of quality and 
reliability that is found in all Fujitsu products. 

This data book includes product information on all of Fujitsu’s 
currently available DRAM products. 


NMOS and CMOS DRAMs 


Fujitsu manufactures a complete family of leading technology 
dynamic random access memories for the data processing, 
telecom, and industrial markets. This family consists of the 
highest density devices currently available with a broad 
selection of organizations, access modes, and packages. 

Application-Specific DRAMs 

Fujitsu offers a family of multi-port dynamic random access 
memories tailored for video imaging and graphics 
applications. These devices adhere to JEDEC standards 
where applicable and are available in the popular packages. 


xill 
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Section 1 


NMOS DRAMs — At a Glance 


Page 

Device 

Maximum 

Access 

Time (ns) 

Capacity 

Package 

Options 


1-3 

MB8 1256-10 

100 

262144 bits 

16-pin 

Plastic 

DIP, ZIP 


-12 

120 

(262144x1) 

16-pin 

Ceramic 

DIP 


-15 

150 


18-pin 

Plastic 

PLCC 





18-pad 

Ceramic 

LCC 

1-25 

MB8 1256-80 

80 

262144 bits 

16-pin 

Plastic 

DIP, ZIP 




(262144 x 1) 

16-pin 

Ceramic 

DIP 





18-pin 

Plastic 

PLCC 

1-45 

MB8 1257-10 

100 

262144 bits 

16-pin 

Plastic 

DIP, ZIP 


-12 

120 

(262144 x 1) 

16-pin 

Ceramic 

DIP 


-15 

150 


18-pin 

Plastic 

PLCC 





18-pad 

Ceramic 

LCC 

1-69 

MB8 1257-80 

80 

262144 bits 

16-pin 

Plastic 

DIP, ZIP 




(262144 x 1) 

16-pin 

Ceramic 

DIP 





18-pin 

Plastic 

PLCC 

1-93 

MB8 1464-1 2 

120 

262144 bits 

18-pin 

Plastic 

DIP, PLCC 


-15 

150 

(65536 x 4) 

18-pin 

Ceramic 

DIP 





20-pin 

Plastic 

ZIP 
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NMOS DRAMs 
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Edition 5.0 


DATA SHEET 


FUJITSU 


MB81256-10/-12/-15 


MOS 262, 144 BIT DYNAMIC RANDOMACCESS MEMORY 


262,144 Bit Dynamic Random Access Memory 

The Fujitsu MB81256 is a fully decoded, dynamic NMOS random access 
memory organized as 262, 144 one-bit words. The design is optimized for high speed, 
high performance applications such as mainframe memory, buffer memory, peripheral 
storage, and environments where low power dissipation and a compact layout are 
required. 

Multiplexed row and column address inputs permit the MB81 256 to be housed in 
standard 1 6-pin DIP and ZIP packages or an 1 8-pin PLCC package. Pinouts conform 
to JEDEC-approved pinouts. Additionally, the MB81256 offers ne w fu nctional 
enha ncements that make it more versatile than previous dynamic RAMs. CAS-before- 
RAS refresh provides an on-chip refresh capability that is upwardly compatible With the 
MB8266A. The MB81256 also features page mode which allows high speed random 
access of up to 51 2 bits of data within the same row. 

The MB81256 is fabricated using silicon gate NMOS and Fujitsu’s advanced 
Triple-layer Polysilicon process. This process, coupled with single-transistor memoiy 
storage cells, permits maximum circuit density and minimal chip size. Dynamic 
circuitry is used in the design, including the sense amplifiers. Clock timing 
requirements are noncr'itical, and power supply tolerance is very wide. All inputs are 
TTL compatible. 


• 262, 1 44 x 1 RAM organization 

• Silicon-gate, Triple Poly NMOS, single 
transistorcell 

• Row Access Time 

100 ns max. (MB 81256-10) 

120 ns max. (MB 81256-12) 

150 ns max. (MB 81256-15) 

• Cycle Time 

200 ns min. (MB 81256-10) 

220 ns min. (MB 81256-1 2) 

260 ns min. (MB 81256-15) 

• Page Cycle Time 

100 ns max. (MB 81 256-10) 

120 ns max. (MB 81256-12) 

145 ns max. (MB 81256-15) 

• Single +5 V Supply, ±1 0% tolerance 

• Low Power 

385 mW max. (MB 81256-10) 

358 mW max. (MB 81256-12) 

314 mW max. (MB 81256-15) 

25 mW max. (standby) 


• 256 refresh cycles every 4 ms 

• CAS-before-RAS, RAS-only, 

Hidden refresh capability 

• High speed Read-white-Write cycle 

• tAR. twcR, bHR. tRwo ar© eliminated 

• Output unlatched cycle end allows 
two-dimensional chip select 

• Common I/O capability using 
Early Write operation 

• On-chip latches for Addresses and 
Data-in 

• Standard 16-Pin Plastic Packages: 

DIP (MB81256-XXP) 

ZIP (MB81256-XXPSZ) 

Standard 18-Pin Plastic Package: 

PLCC(MB81 256-XXPV) 

Standard 16-Pin Ceramic Packages: 
DIP (MB81256-XXC) Seam Weld 
DIP (MB81256-XXZ) Cerdip 
Standard 18-Pad Ceramic Package: 
LCC (MB81 256-XXTV) 


Absolute Maximum Ratings 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V IN. V OUT 

-1 to +7 

V 

Voltage of Vcc supply relative to V S s 

Vcc 

-1 to +7 

V 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

°C 

Plastic 

-55 to +125 

Power Dissipation 

Pd 

1.0 

W 

Short Circuit Output Current 

— 

50 

mA 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of tnis data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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MB81 256-10 
MB81256-12 
MB81256-15 
















MB81 256-10 
MB81256-12 
MB81256-15 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to V$s) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Operating 

Temperature 


Vcc 

4.5 

5.0 

5.5 

V 


Supply Voltage 








v ss 

0 

0 

0 

V 


Input High Voltage, all inputs 

V, H 

2.4 


6.5 

V 

0°C to +70° C 

Input Low Voltage, all inputs 

V 1L 

-2.0 


0.8 

V 



DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

OPERATING CURRENT* 

Average Power Supply Current 
(RAS, CAS cycling; t RC = Min.) 

MB 81256-10 

•cci 



70 

mA 

MB 81256-12 

65 

MB 81256-15 

57 

STANDBY CURRENT 

Standby Power Supply Current 
(RAS, CAS=V m ) 

•cc 2 



4.5 

mA 

REFRESH CURRENT 1* 

Average Power Supply Current 
(RAS cycling, CAS = V m ; t RC = Min.) 

MB 81256-10 

!cc3 



60 

mA 

MB 81256-12 

5.5 

MB 81256-15 

50 

PAGE MODE CURRENT* 

Average Power Supply Current 
(RAS = V IL , CAS cycling; t PC = Min.) 

MB 81256-10 

*CC4 



35 

mA 

MB 81256-12 

30 

MB 81256-15 

25 

REFRESH CURRENT 2* 

Average Power Supply Current 
(CAS-before-RAS; t RC = Min.) 

MB 81256-10 

•cc5 



65 

mA 

MB 81256-12 

60 

MB 81256-15 

55 

INPUT LEAKAGE CURRENT any input (V IN = 0V to 

5.5V, V cc = 5.5V, V ss = 0V, all other pins not under test = 0V) 

•|(L) 

-10 


10 


OUTPUT LEAKAGE CURRENT (Data is disabled, 

V OUT = 0V to 5.5V) 

^ O(L) 

-10 


10 

juA 

OUTPUT LEVEL Output Low Voltage (l OL =4.2mA) 

VoL 



0.4 

V 

OUTPUT LEVEL Output high Voltage (l OH = -5.0 mA) 

Vqh 

2.4 



V 


NOTE * : l cc is depended on output loading and cycle rates. Specified values are obtained with the output open. 
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AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


NOTES 1, 2, 3 


Parameter liww 

Symbol 

MB 81256-10 

MB 81256-12 

MB 81256-15 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Time between Refresh 

t R E F 


4 


4 


4 

ms 

Random Read/Write Cycle Time 

t RC 

200 


220 


260 


ns 

Read -Write Cycle Time 

*RWC 

200 


220 


260 


ns 

Access Time from RAS Q 0 

t R AC 


100 


120 


150 

ns 

Access Time from CAS @ 0 

tcAC 


50 


60 


75 

ns 

Output Buffer Turn off Delay 

foFF 

0 

25 

0 

25 

0 

30 

ns 

Transition Time 

t T 

3 

50 

3 

50 

3 

50 

ns 

RAS Precharge Time 

f RP 

85 


90 


100 


ns 

RAS Pulse Width 

f R AS 

105 

100000 

120 

100000 

150 

100000 

ns 

RAS Hold Time 

f RSH 

55 


60 


75 


ns 

CAS Pulse Width 

tcAS 

55 

100000 

60 

100000 

75 

100000 

ns 

CAS Hold Time 

f CSH 

105 


120 


150 


ns 

RAS to CAS Delay Time Q 0 

f RCD 

20 

50 

22 

60 

25 

75 

ns 

CAS to RAS Set Up Time 

tcRS 

10 


10 


10 


ns 

Row Address Set Up Time 

f ASR 

0 


0 


0 


ns 

Row Address Hold Time 

t RAH 

10 


12 


15 


ns 

Column Address Set Up Time 

f ASC 

0 


0 


0 


ns 

Column Address Hold Time 

tcAH 

15 


20 


25 


ns 

Read Command Set Up Time 

t RCS 

0 


0 


0 


ns 

Read Command Hold Time Referenced _ 

to CAS B 

f RCH 

0 


0 


0 


ns 

Read Command Hold Time Referenced _ 

to RAS 0 

t RRH 

20 


20 


20 


ns 

Write Command Set Up Time Q3 

twcs 

0 


0 


0 


ns 

Write Command Pulse Width 

t W p 

15 


20 


25 


ns 

Write Command Hold Time 

twCH 

15 


20 


25 


ns 

Write Command to RAS Lead Time 

1 RWL 

35 


40 


45 


ns 

Write Command to CAS Lead Time 

f CWL 

35 


40 


45 


ns 

Data In Set Up Time 

t DS 

0 


0 


0 


ns 

Data In Hold Time 

^ DH 

15 


20 


25 


ns 

CAS to WE Delay IQ 

f CWD 

15 


20 


25 


ns 

Refresh Set Up Time for CAS Referenced 
to RAS (CAS-before-RAS cycle) 

tFCS 

20 


20 


20 


ns 

Refresh Hold Time for CAS Referenced to RAS 
(CAS-before-RAS cycle) 

t FCH 

20 


25 


30 


ns 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter BSHIiaM 

Symbol 

MB 81256-10 

MB 81256-12 

MB 81256-15 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

CAS Precharge Time (CAS-before-RAS cycle) 

f CP R 

20 


25 


30 


ns 

RAS Precharge to CAS Active Time 
(Refresh cycles) 

^RPC 

20 


20 


20 


ns 

Page Mode Read/Write Cycle Time 

tpc 

100 


120 


145 


ns 

Page Mode Read-Write Cycle Time 

1-PRWC 

100 


120 


145 


ns 

Page Mode CAS Precharge Time 

tcp 

40 


50 


60 


ns 

Refresh Counter Test Cycle Time Q 

f RTC 

330 


375 


430 


ns 

Refresh Counter Test RAS Pulse Width Q| 

*TRAS 

230 

10000 

265 

10000 

320 

10000 

ns 

Refresh Counter Test CAS Precharge Time 91 

tcPT 

50 


60 


70 


ns 


Notes: 

Q An initial pause of 200 /is is required after power-up. 
And then several cycle ( to which any 8 cycle to per- 
form refresh are adequate) are required before proper 
device operation is achieved. 

If internal refresh counter is to be effective, a mini- 
mum of 8 CAS before RAS refresh cycles are required. 

H AC characteristics assume t T = 5 ns. 

H V m (min) and V, L (max) are refrence levels for mea- 
suring timing of input signals. Also, transition times 
are measured between V, H (min) and V )L (max.). 

Q Assumes that t RCD < t RCD (max.) If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

31 Assumes that t RCD ^ t RCD (max.). 

0 Measured with a load equivalent to 2 TTL loads and 
100 pF. 


0 Operation within the t RCD (max) limit insures that 
tRAC (max) can be met. t RCD (max) is specified as a 
reference point only; if t RCD is greater than the 
specified t RCD (max) limit, then access time is con- 
trolled exclusively by t CAC . 

E! tRCD (min) = t RAH (min) + 2t T (t T = 5ns) + t ASC 
(min). 

Either t RRH or t RCH must be satisfied for a read cycle. 

03 t wcs and t CWD are not restrictive operating para- 
meters. They are included in the data sheet as elec- 
trical characteristics only. If t wcs ^ t wcs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
entire cycle. 

If t CWD ^ t C wD (min) the cycle is a read-write cycle 
and data out will contain data read from the selected 
cell. If neither of the above sets of conditions is satis- 
fied the condition of the data out is indeterminate. 

HI Test mode cycle only. 
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Write Cycle (Early Write) 



Dqut 


v oh _ . 

Vql- 


■HIGH-Z' 


I I Don't Care 




MB81 256-10 
MB81256-12 
MB81256-15 


Read— Write/Read— Modify-Write Cycle 



I 1 Don 't Care 


Page Mode Read Cycle 



□ Don't Care 
Wl Valid Data 




MB81 256-10 
MB81256-12 
MB81256-15 


Page Mode Write Cycle 


ADDRESSES 


Din 



□ Don't Care 


Page Mode Read-Write Cycle 



1-10 



MB81 256-10 
MB81256-12 
MB81256-15 


RAS-only Refresh cycle 

NOTE: WE, D, n = Don't care, A 8 = V, H or V, L 


RAS 


ADDRESSES 

(Aq to A7) 

CAS 


d out 



CAS-before-RAS Refresh Cycle 
NOTE: Address, WE, D, N = Don't care 



mm 


□ Don't Care 




MB81 256-10 
MB81256-12 
MB81256-15 


Hidden Refresh Cycle 



CAS-before-RAS Refresh Counter Test Cycle 



□ Don't Care 
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DESCRIPTION 


Simple Timing Requirement 

The MB 81256 has improved circuitry 
that eases timing requirements for high 
speed access operations. The MB 81256 
can operate under the condition of 
tRCD (max) = t CAC thus providing 
optimal timing for address multiplexing. 
In addition, the MB 81256 has the 
minimal hold time of Address (t CAH ), 
WE (twcH ) ar| d Din (*dh)- "^he 
MB 81256 provides higher through- 
put in inter-leaved memory system 
applications. Fujitsu has made timing 
requi rements that are referenced to 
RAS nonrestrictive and deleted them 
from the data sheet, these include t AR , 
twcR, t D HR and t RW o- As a result, 
the hold tim es of the Column Addre ss, 
Din and WE as well as t CWD (CAS to 
WE Delay) are not ristricted by t RCD . 

Address Inputs: 

A total of eighteen binary input address 
bits are required to decode any 1 of 
262,144 cell locations within the 
MB 81256. Nine row-address bits are 
established on the input pins (A 0 
to A 8 ) and are l atche d with the Row 
Address Strobe (RAS). Nine column- 
address bits are established on the input 
pins and are latched with the Column 
Address Strobe (CAS). All row ad- 
dresses must be stable on or before the 
falling edge of RAS. CAS is internally 
inhibited ( or "gated") by RAS to 
permit triggering of CAS as soon as the 
Row Address Hold Time (t RAH ) speci- 
fication has been satisfied and the 
address inputs have been changed from 
row-addresses to column-address. 

Write Enable: 

The read mode or write mode is selected 
with the WE input. A high on WE 
selects read mode; low selects write 
mode. The data input is disable when 
read mode is selected. 

Data input: 

Data is written into the MB 81256 dur- 
ing a write or read-write cycle. The later 
falling edge of WE or CAS is a strobe for 
the Data ]n_(D, N ) register. In a write 
cycle, if WE is brought low before 


CAS, D, N is strobed by CAS, and the 
set-up and hold times are referenced to 
CAS. In a rea d -wri te cycle, WE can be 
delayed after CAS has been low and 
CAS to WE Delay Time (t CWD ) has 
been satisfied. Thus D, N is strobed by 
WE, and set-up and hold times are 
referenced to WE. 

Data Output: 

The output buffer is three-state TTL 
compatible with a fan-out of two 
standard TTL loads. Data out is the 
same polarity as data-in. The ou tput is 
in a high impedance state until CAS is 
brought low. In a read cycle, or read- 
write cycle, the output is valid after 
Ir ac f rom tr ansition of RAS when 
t RCD ( max ) ' s satisfi ed, or after t CAC 
from transition of CAS when the 
transition occurs after t RCD (max). 
Data remain valid until CAS is re- 
turned to a high level. In a write cycle 
the identical sequence occurs, but data 
is not valid. 

Fast Read-While-Write cycle 
The MB 81256 has a fast read while 
write cycle which is achieved by precise 
control of the three-state output buffer 
as well as by the simplified timings 
described in the previous section. 
The output buffer is controlled by the 
state of WE when CAS goes low. When 
WE is low during CAS transition to low, 
the MB 81256 goes into the early write 
mode in which the output floats and the 
common I/O bus can be used on the 
system level. Whereas, when WE goes 
low after t CWD following CAS transi- 
tion to low, the MB 81256 goes into the 
delayed write mode. The output then 
contains the data from the cell selected 
and the data from D !N1 is written into 
the cell selected. Therefore, a very fast 
read write cycle (t RWC = t RC ) is 
possible with the MB 81256. 

Page Mode: 

Page-mode operation permits strobing 
the row-address into the MB 81256 
while maintaining RAS at a low through- 
out all successive memory operations 
in which the row-address doesn't chan- 
ge. Thus the power dissipated by the 


falling edge of RAS is saved. Access and 
cycle times are decreased because the 
time normally required to strobe a new 
row address is eliminated. 


Refresh: 

Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 256 row-addresses 
(A 0 toA 7 ) at least every 4ms. The 
MB 81256 offers the following 3 types 
of refresh. 

RAS -only Refresh ; 

RAS-only refresh avoids any output 
during refresh because the output 
buffer is in the high impedance state 
unless CAS is brought low. 

Strobing each of 256 row-addresses 
(A 0 to A 7 ) with RAS will cause all bits 
in each row to be refreshed. Further 
RAS-only refresh results in a substantial 
reduction in power dissipation. During 
RAS-only refresh cycle, either V, H or 
V ii_ is permitted to A 8 . 

CAS-before-RAS Refresh ; 

CAS-before-RAS refreshing available on 
the MB 81256 o ffers an alternate 
refresh method. If CAS is held "low" 
for the specified period (t FCS ) before 
RAS goes to "low", on-chip refresh 
control clock generators and the refresh 
address counter are enabled, and an 
internal refresh operation takes place. 
After the refresh operation is perform- 
ed, the refresh address counter is 
automatically incremented in prepara- 
tion for the next CAS-before-RAS 
refresh operation. 

Hidden Refresh; 

A hidden refresh cycle may takes place 
while maintaining the latest valid data 
at the output by extending CAS active 
time. 

F or th e MB 8 1256 a hidden refresh is 
a CAS-before-RAS refresh cycle. The 
internal refresh address counters pro- 
vide the refresh addresses, as in a normal 
CAS-before-RAS refresh cycle. 

CAS-before-RAS Refresh Counter Test 
Cycle: 

A special timing sequence using CAS- 
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before-RAS counter test cycle provides 
a convenient method of verifying the 
functionality of the CAS-before-RAS 
refresh act ivate d circ uitry. 

After the CAS -befor-RAS refresh opera- 
tion, if CAS goes to high and then 
goes to low again while RA$ is held low, 
the read and write operations are 
enabled. 

This is shown in the CAS-before-RAS 
counter test cycle timing diagram. 
A memory cell address (consisting of a 
row address (9 bits) and column address 
(9 bits) to be accessed can be defined 
as follows: 

*A ROW ADDRESS - Bits A 0 to A 7 


are defined by the refresh counter. 
The bit A 8 is set high internally. 

*A COLUMN ADDRESS- All the bits 
Aq to A 8 are defined by latching 
levels on A 0 to A 8 at the second 
falling edge of CAS. 

Suggested CAS-before-RAS Counter 

Test Procedure 

The timing as shown in the CAS-before- 

RAS Counter Test cycles is used for 

the following operations: 

(1) Initialize the internal refresh ad- 
dress counter by using eight CAS- 
before-RAS refresh cycles. 

(2) Throughout the test, use the same 


column address, and keep RA8 
high. 

(3) Write "low" to all 256 row ad- 
dress on the same column address 
by using normal early write cycles. 

(4) Read "low" written in step 3) and 
check, and simultaneously write 
"high" to the same address by using 
internal refresh counter test read- 
write cycles. This step is repeated 
256 times, with the addresses being 
generated by internal refresh ad- 
dress counter. 

(5) Read "high" written in step 4) and 
check by using normal read cycle 
for all 256 locations. 

(6) Complement the test pattern and 
repeat step 3), 4) and 5). 


Fig. 2 -CURRENT WAVEFORM (V CC = 5.5V, T A = 25°C) 



50ns/ Division 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 3- NORMALIZED ACCESS TIME 



4.0 5.0 6.0 

V cc SUPPLY VOLTAGE (V) 


Fig. 4- NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERAUTRE 
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Fig. 5 - OPERATING CURRENT 
vs CYCLE RATE 



Fig. 6 - OPERATING CURRENT 
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Fig. 7- OPERATING CURRENT 
vs AMBIENT TEMPERATURE 
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Fig. 8 - STANDBY CURRENT 
vs SUPPLY VOLTAGE 
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Fig. 9 - STANDBY CURRENT 
vs AMBIENT TEMPERATURE 
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Fig. 10- REFRESH CURRENT 1 
vs CYCLE RATE 



Fig. 11 - REFRESH CURRENT 1 
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Fig. 12 - PAGE MODE CURRENT 
vs CYCLE RATE 



Fig. 13- PAGE MODE CURRENT 
vs SUPPLY VOLTAGE 
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Fig. 14- REFRESH CURRENT 2 
vs CYCLE RATE 
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Fig. 15- REFRESH CURRENT 2 
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V CC/ SUPPLY VOLTAGE (V) 


Fig. 16- ADDRESS AND DATA INPUT 
VOLTAGE vs SUPPLY VOLTAGE 
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V cc , SUPPLY VOLTAGE (V) 


Fig. 17 - ADDRESS AND DATA INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 
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Fig. 18- RAS, CAS AND WE INPUT 
VOLTAGE vs SUPPLY VOLTAGE 
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Fig. 19- RAS, CAS AND WE INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 
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Fig. 20 - ACCESS TIME vs LOAD 
CAPACITANCE 
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PACKAGE DIMENSIONS 

Standard 16-pin Ceramic DIP (Suffix: -C) 



R. 050(1 .27) 
REF \ 


16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16C-A03) 


• 295 ::oiS 

(7.49t°^) 




„ 

Z 0 to 9 


,776_ 

- .050(1. 27)MAX 



.100±.010 

(2.54±0.25) 


.700(1 7.781REF 
,+.01 5» 1 on +0.38. 


.134±.014 

(3.40+0.36) 


.032±.012 
(0.81 ±0.30) 


I .01 0±,002 

(0.25±0.05) 


D 1988 FUJITSU LIMITED D16035S-3C 
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PACKAGE DIMENSIONS 

Standard 16-pin Ceramic DIP (Suffix: -Z) 




Dimensions in 

©1988 FUJITSU LIMITED D16032S-4C incheS < mil,imeters) 
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PACKAGE DIMENSIONS 

Standard 16-pin Plastic DIP (Suffix: -P) 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-1 6P-M03) 

- 766 -:oi2 (1946 -o;3oi — -i 


260±.010 300 (7.62) 

(6.60±0.25) TYP 




.050 (1.27) 
MAX 




© 1988 FUJITSU LIMITED D16030S-3C 



183 (4.65) MAX 


118 (3.00) MIN 


- 002 .020 (0.51) MIN 




Dimensions in 
inches (millimeters) 


Standard 18-pin Plastic LCC (Suffix: -PD) 


18-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-18P-M04) 


322+ 005 
(8.18 + 0.13) 
,285+ 003 . 
(7.24 + 0.66)' 



060(1.52) MIN 
025(0.64) MIN 


.468+ 020 
(11.89 + 0.51) 


X R.030(0.75)TYP 
150(3.81) 



.050 +.005 
(1.27+0.13) 


(N^.: LEAD No. 


9 FUJITSU LIMITED C18019S-1C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 

Standard 16-pin Plastic ZIP (Suffix: -PSZ) 


PIN ASSIGNMENT 


\A 6 CAS A 8 WE Aq At A 7 A 4 


d OUT V ss D, n RAS A 2 V cc a 5 a 3 > s 


ZIP-16P-M01 


16 LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 
(CASE No.: ZIP-16P-M01) 


o + .008/o 0 40 + 0.20. 

— .01 2'^ U ' 4 — 0.30' 



.050(1.27) 

TYP 


260±.010 

(6.60±0.25) 


.312±.013 

(7.93±0.33) 


.118(3.00) MIN 


.100(2.54) TYP 
(ROW SPACE) 



(BOTTOM VIEW) 


O 1968 FUJITSU LIMITED Z16001S4C 


Dimensions in 
inches (millimetres) 
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PACKAGE DIMENSIONS 


Standard 18-pad Ceramic LCC (Suffix: -TV) 



18-PAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-18C-F04) 
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DATA SHEET 


FUJITSU 


MB81 256-80 

MOS 262 , 144 BIT DYNAMIC RANDOM ACCESS MEMORY 


262,144 Bit Dynamic Random Access Memory 

The Fujitsu MB81256 is a fully decoded, dynamic NMOS random access 
memory organized as 262, 144 one-bit words. The design is optimized for high speed, 
high performance applications such as mainframe memory, buffer memory, peripheral 
storage, and environments where low power dissipation and a compact layout are 
required. 

Multiplexed row and column address inputs permit the MB81 256 to be housed in 
standard 1 6-pin DIP and ZIP packages or an 1 8-pin PLCC package. Pinouts conform 
to the JEDEC-approved pinouts. Additionally, the MB81256 offers n ew fu nctional 
enha ncements that make it more versatile than previous dynamic RAMs. CAS-before- 
RAS refresh provides an on-chip refresh capability that is upwardly compatible with the 
MB8266A. The MB81256 also features page mode which allows high speed random 
access of up to 512 bits of data within the same row. 

The MB81256 is fabricated using silicon gate NMOS and Fujitsu’s advanced 
Triple-layer Polysilicon process. This process, coupled with single-transistor memoiy 
storage cells, permits maximum circuit density and minimal chip size. Dynamic 
circuitry is used in the design, including the sense amplifiers. Clock timing 
requirements are noncritical, and power supply tolerance is very wide. All inputs are 
TTL compatible. 


• 262,144 x 1 RAM organization 

• Silicon-gate, Triple Poly NMOS, 
single transistor cell 

• Row Access Time (tRAc) 

80 ns max. (MB 81256-80) 

• Random Cycle Time (tRc) 

175 ns min. (MB 81256-80) 



• Single +5 V Supply, ±1 0% tolerance 

• Low Power 

385 mW max. (MB 81 256-80) 

25 mW max. (standby) 

• 256 refresh cycles every 4 ms 

• CAS-before-ftAS, RAS-only, 

Hidden refresh capability 


• High speed Read-white-Write cycle 

• t AR , twcR, tDHR. tRwo are eliminated 

• Output unlatched cycle end allows 
two-dimensional chip select 

• Common I/O capability using 
Early Write operation 

• On-chip latches for Addresses and 
Data-in 

• Standard 16-Pin Plastic Packages: 

DIP (MB81256-XXP) 

ZIP (MB81256-XXPSZ) 
Standard 18-Pin Plastic Package: 

PLCC(MB81 256-XXPV) 
Standard 16-Pin Ceramic Package: 

DIP (MB81256-XXC) 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to V$s 

V,N. Vqut 

-1 to +7 

V 

Voltage of Vcc supply relative to V ss 

Vcc 

-1 to +7 

V 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

°C 

Plastic 

-55 to +125 

Power Dissipation 

Pd 

1.0 

W 

Short Circuit Output Current 

— 

50 

mA 


Not*: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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Fig. 1 - MB 81256 BLOCK DIAGRAM 



CAPACITANCE <t a -2S*o 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance A 0 to A 8 , D )N 

C|N1 


7 

pF 

Input Capacitance RAS, CAS, WE 

C|N2 


10 

PF 

Output Capacitance D OUT 

Cqut 


7 

pF 
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RECOMMENDED OPERATING CONDITIONS 


(Referenced to V§s) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Operating 

Temperature 


< 

n 

n 

4.5 

5.0 

5.5 

V 


Supply Voltage 








v ss 

0 

0 

0 

V 


Input High Voltage, all inputs 

V, H 

2.4 


6.5 

V 

0°C to +70° C 

Input Low Voltage, all inputs 

V, L 

-2.0 


0.8 

V 



DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

OPERATING CURRENT* 

Average Power Supply Current 
(RAS, CAS cycling; t RC = Min.) 

MB 81256-80 

*CC1 



70 

mA 

STANDBY CURRENT 

Standby Power Supply Current (RAS, CAS = V !H ) 

1 CC2 



4.5 

mA 

REFRESH CURRENT 1* 

Average Power Supply Current 
(RAS cycling, CAS = V !H ; t RC = Min.) 

MB 81256-80 

^ CC3 



60 

mA 

PAGE MODE CURRENT* 

Average Power Supply Current 
(RAS = V| L , CAS cycling; t PC = Min.) 

MB81256-80 

l CC4 

! 



35 

mA 

REFRESH CURRENT 2* 

Average Power Supply Current 
(CAS-before-RAS; t RC = Min.) 

MB 81256-80 

*CC5 



65 

mA 

INPUT LEAKAGE CURRENT any input 

(V, N = 0V to 5.5V, V cc = 4.5V to 5.5V, V ss = OV, 

all other pins not under test = 0V) 

■kl) 

-10 


10 

ma 

OUTPUT LEAKAGE CURRENT 
(Data is disabled, Vqut = ov to 5.5V) 

•CML) 

-10 


10 

ma 

OUTPUT LEVEL 

Output Low Voltage (Iql = 4.2mA) 

VoL 



0.4 

V 

OUTPUT LEVEL 

Output High Voltage (l OH = -5.0mA) 

VoH 

2.4 



V 


NOTE* : l cc is depended on output loading and cycle rates. Specified values are obtained with the output open. 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


NOTES 1, 2, 3 


Parameter iflmdsid 

Symbol 

Value 

Unit 

Min 

Max 

Time between Refresh 

t RE F 


4 

ms 

Random Read/Write Cycle Time 

t RC 

175 


ns 

Read-Write Cycle Time 

^ RWC 

180 


ns 

Access Time from RAS El E3 

^ RAC 


80 

ns 

Access Time from CAS El (3 

tcAC 


45 

ns 

Output Buffer Turn off Delay 

t OFF 

0 

25 

ns 

Transition Time 

tr 

3 

50 

ns 

RAS Precharge Time 

tRP 

80 


ns 

RAS Pulse Width 

t RAS 

85 

100000 

ns 

RAS Hold Time 

t RSH 

50 


ns 

CAS Pulse Width 

t CAS 

50 

100000 

ns 

CAS Hold Time 

tcSH 

85 


ns 

RAS to CAS Delay Time Q ED 

*RCD 

20 

35 

ns 

CAS to RAS Set Up Time 

tcRS 

10 


ns 

Row Address Set Up Time 

t ASR 

0 


ns 

Row Address Hold Time 

^ R AH 

10 


ns 

Column Address Set Up Time 

t ASC 

0 


ns 

Column Address Hold Time 

tcAH 

15 


ns 

Read Command Set Up Time 

t RCS 

0 


ns 

Read Command Hold Time Referenced to CAS 0 

tRCH 

0 


ns 

Read Command Hold Time Referenced to RAS 0 

t R RH 

20 


ns 

Write Command Set Up Time |0 

twcs 

0 


ns 

Write Command Pulse Width 

t WP 

15 


ns 

Write Command Hold Time 

twCH 

15 


ns 

Write Command to RAS Lead Time 

! rwl 

35 


ns 

Write Command to CAS Lead Time 

tcWL 

35 


ns 

Data In Set Up Time 

x os 

0 


ns 

Data In Hold Time 

*OH 

15 


ns 

CAS to WE Delay 10 

*CWD 

15 


ns 

Refresh Set Up Time for CAS Referenced to RAS 
(CAS-before-RAS cycle) 

*FCS 

20 


ns 

Refresh Hold Time for CAS Referenced to RAS 
(CAS-before-RAS cycle) 

f FCH 

20 


ns 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 


Symbol 

Value 

Unit 


Min 

Max 

CAS Precharge Time (CAS-before-RAS cycle) 

f CP R 

20 


ns 

RAS Precharge to CAS Active Time (Refresh cycles) 

t RPC 

20 


ns 

Page Mode Read/Write Cycle Time 

tpc 

100 


ns 

Page Mode Read-Write Cycle Time 

tpRWC 

100 


ns 

Page Mode CAS Precharge Time 

*cp 

40 


ns 

Refresh Counter Test Cycle Time 

ED 

t RTC 

330 


ms 

Refresh Counter Test RAS Pulse Width 

ED 

t TR AS 

230 

10000 

ns 

Refresh Counter Test CAS Precharge Time 

ED 

t CPT 

50 


ns 


Notes: 

Q An initial pause of 200 /is is required after power-up. 
And then several cycle ( to which any 8 cycle to per- 
form refresh are adequate) are required before proper 
device operation is achieved. 

If internal refresh counter is to be effective, a mini- 
mum of 8 CAS before RAS refresh cycles are required. 

Q AC characteristics assume t T = 5 ns. 

Q V , H (min) and V !L (max) are refrence levels for mea- 
suring timing of input signals. Also, transition times 
are measured between V m (min) and V, L (max.). 

Qj Assumes that t R QQ ^ ^rcd (max.) If t R £D is greater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

Q Assumes that t RCD ^ t RCD (max.). 

S Measured with a load equivalent to 2 TTL loads and 
100 pF. 


Q Operation within the t RCD (max) limit insures that 
Irac (max) can be met. t RCD (max) is specified as a 
reference point only; if t RCD is greater than the 
specified t RCD (max) limit, then access time is con- 
trolled exclusively by t CAC . 

ED f rcd (min) = t RAH (min) + 2t T (t T = 5ns) + t ASC 
(min). 

Either t RRH or t RCH must be satisfied for a read cycle. 

^ twcs and fcwD are not restrictive operating para- 
meters. They are included in the data sheet as elec- 
trical characteristics only. If t wcs ^ t wcs (min), 
the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance) throughout 
entire cycle. 

If t CWD ^ t CWD (min) the c Vcle is a read-write cycle 
and data out will contain data read from the selected 
cell. If neither of the above sets of conditions is satis- 
fied the condition of the data out is indeterminate. 

IQ Test mode cycle only. 


1-29 




MB81 256-80 





MB81 256-80 


Read-Write/Read-Modify-Write Cycle 



Page Mode Read Cycle 
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Page Mode Write Cycle (Early Write) 
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DESCRIPTION 


Simple Timing Requirement 

The MB 81 256 has improved circuitry 
that eases timing requirements for high 
speed access operations. The MB 81256 
can operate under the condition of 
tpcD (max) = t CAC thus providing 
optimal timing for address multiplexing. 
In addition, the MB 81256 has the 
minimal hold time of Address (t CAH ), 
WE (twcH ) an d D tN (^dh )■ The 
MB 81256 provides higher through- 
put in inter-leaved memory system 
applications. Fujitsu has made timing 
requi rements that are referenced to 
RAS nonrestrictive and deleted them 
from the data sheet, these include t AR , 
fwcR > tDHR and tRWD- As a result, 
the hold tim es of the Column Address, 
Din and WE as well as t CW D (CAS to 
WE Delay) are not ristricted by t RCD . 

Address Inputs: 

A total of eighteen binary input address 
bits are required to decode any 1 of 
262,144 cell locations within the 
MB 81256. Nine row-address bits are 
established on the input pins (A 0 
to A 8 ) and are l atche d with the Row 
Address Strobe (RAS). Nine column- 
address bits are established on the input 
pins and are latched with the Column 
Address Strobe (CAS). All row ad- 
dresses must be stable on or before the 
falling edge of RAS. CAS is internally 
inhibited ( or “gated") by RAS to 
permit triggering of CAS as soon as the 
Row Address Hold Time (t RAH ) speci- 
fication has been satisfied and the 
address inputs have been changed from 
row-addresses to column-address. 

Write Enable: 

The read mode or write mode is selected 
with the WE input. A high on WE 
selects read mode; low selects write 
mode. The data input is disable when 
read mode is selected. 

Data input: 

Data is written into the MB 81256 dur- 
ing a write or read-write cycle. The later 
falling edge of WE or CAS is a strobe for 
the Data ]n_(D, N ) register. In a write 
cycle, if WE is brought low before 


CAS, D| N is strobed by CAS, and the 
set-up and hold times are referenced to 
CAS. In a read-write cycle, WE can be 
delayed after CAS has been low and 
CAS to WE Delay Time (t CWD ) has 
been satisfied. Thus D )N is strobed by 
WE, and set-up and hold times are 
referenced to WE. 

Data Output: 

The output buffer is three-state TTL 
compatible with a fan-out of two 
standard TTL loads. Data out is the 
same polarity as data-in. The ou tput is 
in a high impedance state until CAS is 
brought low. In a read cycle, or read- 
write cycle, the output is valid after 
t RAC * rom tran sition of RAS when 
tRCD ( max ) ' s satisfie d, or after t CAC 
from transition of CAS when the 
transition occurs after t RCD (max). 
Data remain valid until CAS is re- 
turned to a high level. In a write cycle 
the identical sequence occurs, but data 
is not valid. 

Fast Read-While-Write cycle 
The MB 81256 has a fast read while 
write cycle which is achieved by precise 
control of the three-state output buffer 
as well as by the simplified timings 
described in the previous section. 
The output buffer is controlled by the 
state of WE when CAS goes low. When 
WE is low during CAS transition to low, 
the MB 81256 goes into the early write 
mode in which the output floats and the 
common I/O bus can be used on the 
system level. Whereas, when WE goes 
low after t CWD following CAS transi- 
tion to low, the M B 81 256 goes into the 
delayed write mode. The output then 
contains the data from the cell selected 
and the data from D )N is written into 
the cell selected. Therefore, a very fast 
read write cycle is possible with the 
MB 81256. 

Page Mode: 

Page-mode operation permits strobing 
the row-address into the MB 81256 
while maintaining RAS at a low through- 
out all successive memory operations 
in which the row-address doesn't chan- 
ge. Thus the power dissipated by the 


falling edge of RAS is saved. Access and 
cycle times are decreased because the 
time normally required to strobe a new 
row address is eliminated. 


Refresh: 

Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 256 row-addresses 
(A 0 toA 7 ) at least every 4ms. The 
MB 81256 offers the following 3 types 
of refresh. 

RAS -only Refresh; 

RAS-only refresh avoids any output 
during refresh because the output 
buffer is in the high impedance state 
unless CAS is brought low. 

Strobing each of 256 row-addresses 
(A 0 to A 7 ) with RAS will cause all bits 
in each row to be refreshed. Further 
RAS-only refresh results in a substantial 
reduction in power dissipation. During 
RAS-only refresh cycle, either V| H or 
V| L is permitted to A 8 . 

CAS-before-RAS Refresh ; 

CAS-before-RAS refreshing available on 
the MB 81256 offers an alternate 
refresh method. If CAS is held "low" 
for the specified period (t FCS ) before 
RAS goes to "low", on-chip refresh 
control clock generators and the refresh 
address counter are enabled, and an 
internal refresh operation takes place. 
After the refresh operation is perform- 
ed, the refresh address counter is 
automatically incremented in prepara- 
tion for the next CAS-before-RAS 
refresh operation. 

Hidden Refresh; 

A hidden refresh cycle may takes place 
while maintaining the latest valid data 
at the output by extending CAS active 
time. 

Fo r th e MB 8 1256 a hidden refresh is 
a CAS-before-RAS refresh cycle. The 
internal refresh address counters pro- 
vide the refresh addresses, as in a normal 
CAS-before-RAS refresh cycle. 

CAS-before-RAS Refresh Counter Test 
Cycle: 

A special timing sequence using CAS- 
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before- RAS counter test cycle provides 
a convenient method of v erifying the 
functionality of the CAS-before-RAS 
refresh act ivate d circ uitry. 

After the CAS-befor-RAS refresh opera- 
tion, if CAS goes to high and then 
goes to low again while RAS is held low, 
the read and write operations are 
enabled. 

This is shown in the CAS-before-RAS 
counter test cycle timing diagram. 
A memory cell address (consisting of a 
row address (9 bits) and column address 
(9 bits) to be accessed can be defined 
as follows: 

*A ROW ADDRESS - Bits A 0 to A 7 


are defined by the refresh counter. 
The bit A 8 is set high internally. 

* A COLUMN ADDRESS- All the bits 
A 0 to Ag are defined by latching 
levels on A 0 to A 8 at the second 
falling edge of CAS. 

Suggested CAS-before-RAS Counter 

Test Procedure 

The timing as shown in the CAS-before- 

RAS Counter Test cycles is used for 

the following operations: 

(1) Initialize the internal refresh ad- 
dress counter by using eight CAS- 
before-RAS refresh cycles. 

(2) Throughout the test, use the same 


column address, and keep RA8 
high. 

(3) Write “low" to all 256 row ad- 
dress on the same column address 
by using normal early write cycles. 

(4) Read "low" written in step 3) and 
check, and simultaneously write 
"high" to the same address by using 
internal refresh counter test read- 
write cycles. This step is repeated 
256 times, with the addresses being 
generated by internal refresh ad- 
dress counter. 

(5) Read "high" written in step 4) and 
check by using normal read cycle 
for all 256 locations. 

(6) Complement the test pattern and 
repeat step 3), 4) and 5). 



Fig. 2 - CURRENT WAVEFORM (V CC = 5.5V, T A = 25°C) 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 3- NORMALIZED ACCESS TIME 
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Fig. 4- NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERAUTRE 
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Fig. 5 - OPERATING CURRENT 
vs CYCLE RATE 



Fig. 6 - OPERATING CURRENT 
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Fig. 7 - OPERATING CURRENT 
vs AMBIENT TEMPERATURE 
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Fig. 8 - STANDBY CURRENT 
vs SUPPLY VOLTAGE 
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Fig. 9 - STANDBY CURRENT 
vs AMBIENT TEMPERATURE 
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Fig. 10- REFRESH CURRENT 1 
vs CYCLE RATE 
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Fig. 11 - REFRESH CURRENT 1 
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Fig. 12- PAGE MODE CURRENT 
vs CYCLE RATE 



Fig. 13- PAGE MODE CURRENT 
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Fig. 14- REFRESH CURRENT 2 
vs CYCLE RATE 
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Fig. 15- REFRESH CURRENT 2 
vs SUPPLY VOLTAGE 
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Fig. 17 - ADDRESS AND DATA INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 
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Fig. 16- ADDRESS AND DATA INPUT 
VOLTAGE vs SUPPLY VOLTAGE 
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Fig. 18- RAS, CAS AND WE INPUT 
VOLTAGE vs SUPPLY VOLTAGE 
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Fig. 20 - ACCESS TIME vs LOAD 
CAPACITANCE 



100 200 300 400 500 

C L , LOAD CAPACITANCE (pF) 


1-39 








MB81 256-80 


Fig. 21 - OUTPUT CURRENT 
vs OUTPUT VOLTAGE 



Fig. 23 - CURRENT WAVEFORM 
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Fig. 22 - OUTPUT CURRENT 
vs OUTPUT VOLTAGE 
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Fig. 24 - SUBSTRATE VOLTAGE 
DURING POWER UP 
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PACKAGE DIMENSIONS 


(Suffix: -C) 



16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 



©1987 FUJITSU LIMITED D16035S-3C 


Dimensions in 
inches (millimeters) 




PACKAGE DIMENSIONS 


(Suffix: -C) 



16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
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PACKAGE DIMENSIONS 

(Suffix: -P) 


16-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-1 6P-M03) 



.260+.010 

(6.60+0.25) 


.300±.010 

(7.62+0.25) 




©1987 FUJITSU LIMITED D16030S-2C 


(Suffix: -PD) 


18-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-18P-M04) 


1 34 + 40 + ^'^) 

- 1 J4 -.002 (J - -O-OS* 

060(1 52) MIN 

n? 5 fO 641MIN 


322+ 005 
(8 18 ♦0.13) 
285 + 003 
'(7.24 + 0.08)’ 


.025(0.64) MIN 

I nr 



rr 

T\ 

D 

.527+ 005 
(13.39 + 0.13) 

U 

a 

^-fo|rTo4(o.ib)| 

90+ 003 

□ 

r 1 .468 ± 

45 + 0.08) 

□ 

If 

r~ a i .89+ 

k- - 


\ R, 030(0. 75) TYP 
150(3 81) 

rwi 


i| .017(0.43) 
TYP I 
^ 263 + Q2 o | 
*(6.68 + 0.51) 


© 1989 FUJITSU LIMITED C18019S-1C 


rTn 200(5 08) 

ree 


T 050 ±005 
|J (1.27 + 0.13) 


@i: LEAD No. 


Dimensions in 
inches (millimeters) 





16-LEAD PLASTIC ZIGZAG-IN-LINE PACJAGE 
(CASE No.: ZIP-16P-M01) 



© 1987 FUJITSU LIMITED Z16001S-3C 


Dimensions in 
inches (millimeters) 
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DATA SHEET 


FUJITSU 


MB81257-10/-12/-15 


MOS 262, 144-BIT DYNAMIC RANDOM ACCESS MEMORY 


262,144-Bit Dynamic Random Access Memory 

The Fujitsu MB81257 is a fully decoded, dynamic NMOS random access 
memory organized as 262, 144 one-bit words. The design is optimized for high speed, 
high performance applications such as mainframe memory, buffer memory, peripheral 
storage, and environments where low power dissipation and a compact layout are 
required. 

Multiplexed row and column address inputs permit the MB81 257 to be housed in 
standard 1 6-pin DIP and ZIP packages or an 1 8-pin PLCC package. Pinouts conform 
to the JEDEC-approved pinouts. Additionally, the MB81257 offers n ew fu nctional 
enha ncements that make it more versatile than previous dynamic RAMs. CAS-before- 
RAS refresh provides an on-chip refresh capability that is upwardly compatible with the 
MB8266A. The MB81257 also features nibble mode which allows high speed serial 
access of up to 4 bits of data. 

The MB81257 is fabricated using silicon gate NMOS and Fujitsu’s advanced 
Triple-layer Polysilicon process. This process, coupled with single-transistor memoiy 
storage cells, permits maximum circuit density and minimal chip size. Dynamic 
circuitry is used in the design, including the sense amplifiers. Clock timing 
requirements are noncritical, and power supply tolerance is very wide. All inputs are 
TTL compatible. 


• 262,144 x 1 RAM organization 

• Silicon-gate, Triple Poly NMOS, 
single transistor cell 

• Row Access Time 

100 ns max. (MB 81257-10) 

120 ns max. (MB 81257-12) 

120 ns max. (MB 81257-15) 

• Cycle Time 

200 ns min. (MB 81257-10) 

220 ns min. (MB 81257-12) 

260 ns min. (MB 81257-15) 

• Nibble Cycle Time 

45 ns max. (MB 81257-10) 

50 ns max. (MB 81257-12) 

60 ns max. (MB 81257-15) 

• Single +5 V Supply, ±1 0% tolerance 

• Low Power 

385 mW max. (MB 81 257-10) 

358 mW max. (MB 81257-12) 

314 mW max. (MB 81257-15) 

25 mW max. (standby) 


• 256 refresh cycles every 4 ms 

• CAS-before-RAS, RAS-only, 

Hidden refresh capability 

• High speed Read-white- Write cycle 

• tAR. twcR, toHR. tRWD are eliminated 

• Output unlatched cycle end allows 
twoklimensional chip select 

• Common I/O capability using 
Early Write operation 

• On-chip latches for Addresses and 
Data-in 

• Standard 16-Pin Plastic Packages: 

DIP (MB81257-XXP) 

ZIP (MB81257-XXPSZ) 

Standard 18-Pin Plastic Package: 

PLCC(MB81 257-XXPV) 

Standard 16-Pin Ceramic Packages: 
DIP (MB81257-XXC) Seam Weld 
DIP (MB81257-XXZ) Cerdip 
Standard 18-Pad Ceramic Package: 
LCC (MB81257-XXTV) 



PLASTIC PACKAGE 
DIP-1 6P-M03 



PLASTIC PACKAGE 
LCC-18P-M04 



PLASTIC PACKAGE 
ZIP-1 6P-M01 

DIP-1 6C-A03: See Page 19 
DIP-16C-A04: See Page 20 
DIP-16C-C04: See Page 21 
LCC-18C-F04: See Page 24 


PIN ASSIGNMENT 



V CC 


Pin assignment for ZIP: See page 23 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 


Absolute Maximum Ratings 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V IN. V OUT 

-1 to +7 

V 

Voltage of Vcc supply relative to V S s 

Vcc 

-1 to +7 

V 

Storage Temperature 

Ceramic 


-55 to +150 

°C 

Plastic 

-55 to +125 

Power Dissipation 

Pd 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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MB81257-15 



CAPACITANCE d A - 25-0 


Input Capacitance A 0 toA 8 , D, N 
Input Capacitance RAS, CAS, WIT 
Output Capacitance D 0 ut 
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RECOMMENDED OPERATING CONDITIONS 


(Referenced to Vgg) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Operating 

Temperature 

Supply Voltage 

< 

o 

n 

4.5 

5.0 

5.5 

V 

0°C to +70° C 

Vss 

0 

0 

0 

V 

Input High Voltage, all inputs 

V|H 

2.4 


6.5 

V 

Input Low Voltage, all inputs 

V, L 

-2.0 


0.8 

V 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

OPERATING CURRENT* 

MB 81257-10 




70 


Average Power Supply Current 

MB 81257-12 

•cci 



65 

mA 

(RAS, CAS cycling; t RC = Min.) 

MB 81257-15 




57 


STANDBY CURRENT 

Standby Power Supply Current 
(RAS, CAS = V 1H ) 

*CC2 



4.5 

mA 

REFRESH CURRENT 1* 

MB 81257-10 




60 


Average Power Supply Current 

MB 81257-12 

ICC3 



55 

mA 

(FIAS cycling, CAS = V )H ; t RC = Min.) 

MB 81257-15 




50 


NIBBLE MODE CURRENT* 

MB 81257-10 




22 


Average Power Supply Current 

MB 81257-12 

•CC4 



20 

mA 

(RAS = V| L , CAS cycling; t NC = Min.) 

MB 81257-15 




18 


REFRESH CURRENT 2* 

MB 81257-10 




65 


Average Power Supply Current 

MB 81257-12 

•CC5 



60 

mA 

(CAS-before-RAS; t RC = Min.) 

MB 81257-15 




55 


INPUT LEAKAGE CURRENT any input 

(V, N = 0V to 5.5V, V cc = 5.5V, V ss = 0V, all other pins 

not under test = 0V) 

•llL) 

-10 


10 

ma 

OUTPUT LEAKAGE CURRENT 
(Data is disabled, V OUT = 0V to 5.5V) 

'o(L) 

-10 


10 

juA 

OUTPUT LEVEL Output Low Voltage 
(Iql = 4.2 m A) 

VOL 



0.4 

V 

OUTPUT LEVEL Output high Voltage 
( l OH = -5.0 mA) 

VqH 

2.4 



V 


NOTE * : l cc is depended on output loading and cycle rates. Specified values are obtained with the output open. 


1-47 




MB81 257-10 
MB81257-12 
MB81257-15 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) i«*hmMc( 


Parameter 

Symbol 

MB 81257-10 

MB 81257-12 

MB 81257-15 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Time between Refresh 

tREF 


4 


4 


4 

ms 

Random Read/Write Cycle time 

X HC 

200 


220 


260 


ns 

Read-Write Cycle Time 

tRWC 

200 


220 


260 


ns 

Access Time from RAS □ ED 

f RAC 


100 


120 


150 

ns 

Access Time from CAS @ 0 

tcAC 


50 


60 


75 

ns 

Output Buffer Turn off Delay 

toFF 

0 

25 

0 

25 

0 

30 

ns 

Transition Time 

t T 

3 

50 

3 

50 

3 

50 

ns 

RAS Precharge Time 

f RP 

85 


90 


100 


ns 

RAS Pulse Width 

f R AS 

105 

1 00000 

120 

100000 

150 

100000 

ns 

RAS Hold Time 

f RSH 

55 


60 


75 


ns 

CAS Pulse width 

tcAS 

55 

100000 

60 

100000 

75 

100000 

ns 

CAS Hold Time 

tcSH 

105 


120 


150 


ns 

RAS to CAS Delay Time B ED 

f RCD 

20 

50 

22 

60 

25 

75 

ns 

CAS to RAS Set Up Time 

tcRS 

10 


10 


10 


ns 

Row Address Set Up Time 

1-ASR 

0 


0 


0 


ns 

Row Address Hold Time 

t RAH 

10 


12 


15 


ns 

Column Address Set Up Time 

f ASC 

0 


0 


0 


ns 

Column Address Hold Time 

tcAH 

15 


20 


25 


ns 

Read Command Set Up Time 

tRCS 

0 


0 


0 


ns 

Read Command Hold Time Referenced _ 
to CAS B 

tRCH 

0 


0 


0 


ns 

Read Command Hold Time Referenced _ 
to RAS 0 

^RRH 

20 


20 


20 


ns 

Write Command Set Up Time Q7J 

t WCS 

0 


0 


0 


ns 

Write Command Pulse Width 

t WP 

15 


20 


25 


ns 

Write Command Hold Time 

^WCH 

15 


20 


25 


ns 

Write Command to RAS Lead Time 

l RWL 

35 


40 


45 


ns 

Write Command to CAS Lead Time 

l CWL 

20 


30 


25 


ns 

Data In Set Up Time 

t DS 

0 


0 


0 


ns 

Data In Hold Time 

^DH 

15 


20 


25 


ns 

CAS to WE Delay |Q 

^WD 

15 


20 


25 


ns 

Refresh Set Up Time for CAS 

Referenced to RAS (CAS-before- RAS cycle) 

t FCS 

20 


20 


20 


ns 

Refresh Hold Time for CAS 

Referenced to RAS (CAS-before-RAS cycle) 

t FCH 

20 


25 


30 


ns 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter iwkJJsl 

Symbol 

MB 81257-10 

MB 81257-12 

MB 81257-15 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

CAS Precharge Time (CAS-before-RAS cycle) 

tcpR 

20 


25 


30 


ns 

RAS Precharge to CAS Active Time 
(Refresh cycles) 

f RPC 

20 


20 


20 


ns 

Nibble Mode Read/Write Cycle Time 

tf\IC 

45 


50 


60 


ns 

Nibble Mode Read-Write Cycle Time 

tNRWC 

45 


50 


60 


ns 

Nibble Mode Access Time 

t NCAC 


20 


25 


30 

ns 

Nibble Mode CAS Pulse Width 

tfMCAS 

20 


25 


30 


ns 

Nibble Mode CAS Precharge Time 

tlMCP 

15 


15 


20 


ns 

Nibble Mode Read RAS Hold Time 

f N R RSH 

20 


25 


30 


ns 

Nibble Mode Write RAS Hold Time 

tNWRSH 

35 


40 


45 



Nibble Mode CAS Hold Time Referenced 

to RAS 

tRNH 

20 


20 


20 


ns 

Refresh Counter Test Cycle Time HI 

tRTC 

330 


375 


430 


ns 

Refresh Counter Test RAS Pulse Width ED 

t TRAS 

230 

10000 

265 

10000 

320 

10000 

ns 

Refresh Counter Test CAS Precharge 

Time 

tCPT 

50 


60 


70 


ns 


Notes: 

Q An initial pause of 200 /us is required after power up. 
And then several cycles (to which any 8 cycles to per- 
form refresh are adequate) are required before proper 
device operation is achieved. 

If internal refresh counter is to be effective, a mini- 
mum of 8 CAS before RAS refresh cycles are required. 

Q AC characteristics assume t T = 5 ns. 

Q V IH (min) and V, L (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V |H (min) and V |L 
(max.). 

Q Assumes that t RCD < t RCD ( max )- If t RCD is 9 reater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

Q Assumes that t RCD ^ t RCD (max). 

B Measured with a load equivalent to 2 TTL loads and 
100 pF. 


Q Operation within the t RCD (max) limit insures that 
tRAC ( max ) can be met - t RCD ( max ) is specified as a 
reference point only; if t RCD is greater than the 
specified t RCD (max) limit, then access time is con- 
trolled exclusively by t CAC . 

E t RCD (min) = t RAH (min) + 2t T (t T =5ns) + t ASC (min) 
B Either t RRH or t RCH must be satisfied for a read cycle. 
Hi! t WC s and t CWD are not restrictive operating para- 
meters. They are included in the data sheet as electrical 
characteristics only. If t wcs ^ t wcs (min), the cycle 
is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout entire cycle. 
If t CWD t CWD (min), the cycle is a read-write cycle 
and data out will contain data read from the selected 
cell. If neither of the above sets of conditions is satis- 
fied the condition of the data out is indeterminate, 
m Test mode cycle only. 
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Read-Write/Read-Modify-Write Cycle 




Nibble Mode Read Cycle 
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Nibble Mode Write Cycle 


t C RS t CSH - 

-H -- t RCD , 


t NWRSH t RNH 


t A SR I | t R AH *CA H 

X “—| — — 1 ASC 

row J vr c6l. 

ADD. ADD. A 


] *WCH 

twcs- 


[ VALID j/ V VALID 
. DATA Jf\ A DATA 


Nibble Mode Read-Write Cycle 


Don't Care 


\ 



‘ \ J 

/ \ / \ L 


tCAH 


*NCP 


- 

— l ASC 



*ncas r 

j L 


ROW V COL. 
ADD. A ADD. 


tRCS tCWD 
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Hidden Refresh Cycle 



CAS-before-RAS Refresh Counter Test Cycle 


RAS 


CAS 

ADDRESSES 

WE(Read) 


°OUT 


WE (Write) 


Din 






t— 'pH— — 


zy 

j. VALID DATA ' 


11 Don't Car* 
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DESCRIPTION 


Simple Timing Requirement 

The MB 81257 has improved circuitry 
that eases timing requirements for high 
speed access operations. The MB 81257 
can operate under the condition of 
t rcd (max) = t CAC thus providing 
optimal timing for address multiplexing. 
In addition, the MB 81257 has the 
minimal hold times of Address (t CAH ), 
WE (twcH ) and Din (*dh)- The 
MB 81257 provides higher throughput 
in inter-leaved memory system applica- 
tions. Fujitsu has made timing require- 
ment that are referenced to ft AS 
non-restrictive and deleted them from 
the data sheet. These include t AR , 
twcR, f dh r and t RWD . As a result, 
the hold times of the Column Address, 
D| N and WE as well as t^yy/p (CAS 
to WE Delay) are not ristricted by 

*RCD- 

Address Inputs: 

A total of eighteen binary input address 
bits are required to decode any 1 of 
262,144 cell locations within the 
MB 81257. Nine row-address bits are 
established on the input pins (A 0 
to A 8 ) and are l atche d with the Row 
Address Strobe (RAS). Nine column- 
address bits are established on the input 
pins and are latched with the Column 
Address Strobe (CAS). All row ad- 
dresses must be stable on or before the 
falling edge of RAS. CAS is i ntern ally 
inhibited ( or “gated") by RAS to 
permit triggering of CAS as soon as the 
Row Address Hold Time (t RAH ) speci- 
fication has been satisfied and the 
address inputs have been changed from 
row-addresses to column-addresses. 

Write Enable: 

The read mode or write mode is selected 
with the WE input. A high on WE 
selects read mode, low selects write 
mode. The data input is disabled when 
read mode is selected. 

Data Input: 

'Data is written into the MB 81257 
during a write or read-write cycle. The 
later falling edge of WE or CAS is a 
strobe for the Data In (P, N ) register. In 
a write cycle, if WE is brought low 


before CAS, D^ is strobed by CAS, 
and the set -up a nd hold times are re- 
ferenced to CAS. In a read-write cycle, 
WE can be delayed after CAS has been 
low and CAS to WE Delay Time (t cwo ) 
has been satisfied. Thus D^ is strobed 
by WE, and set-up and hold times are 
referenced to WE. 

Data Output: 

The output buffer is three-state TTL 
compatible with a fan-out of two 
standard TTL loads. Data out is the 
same polarity as data-in. The output is 
in a high impedance state until CAS is 
brought low. In a read cycle, or read- 
write cycle, the output is valid after 
t RAC f rom transition of RAS when 
t RCD ( ma x) is satisfi ed, o r after t CAC 
from transition of CAS when the 
transition occurs after t RCD (max.) 
Data remain valid until CAS is re- 
turned to a high level. In a write cycle, 
the identical sequence occurs, but data 
is not valid. 

Fast Read-While-Write cycle 

The MB 81257 has a fast read while 
write cycle which is achieved by precise 
control of the three-state output buffer 
as well as by the simplified timings, 
described in the previous section. 
The output buffer is c ontrolled by the 
sate of WE when CAS goes low. When 
WE is low during CAS transition to 
low, the MB 81257 goes into the 
early write mode in which the output 
floats and the common I/O bus can be 
used on the system level. Whereas, when 
WE goes low after t C wo following CAS 
transition to low, the MB 81257 goes 
into the delayed write mode. The 
output then contains the data from the 
cell selected and the data from D !N 
is written into the cell selected. There- 
fore, a very fast read write cycle (t RWC 
= t RC ) is possible with the MB 81257. 

Nibble Mode: 

Nibble mode allows high speed serial 
read, write or read-modify-write access 
of 2, 3 or 4 bits of data. The bits of data 
that may be accessed during nibble 
mode are determined by the 8 row 
addresses and the 8 column addresses. 
The 2 bits of addresses (CA 8 , RA 8 ) are 


used to select 1 of the 4 nibble bits for 
initial access. After the first bit is 
accessed by normal mode, the remaining 
nibble bits may be accessed by toggling 
CAS high then low while RAS remains 
low. Toggling CAS causes RA 8 and 
CA 8 to be incremented internally while 
all other address bits are held constant 
and makes the next nibble bit available 
for access. (See Table 1). 

If more than 4 bits are accessed during 
nibble mode, the address sequence will 
begin to repeat. If any bit is written 
during nibble mode, the new data will 
be read on any subsequent access. If the 
write operation is executed again 
on subsequent access, the new data will 
be written into the selected cell loca- 
tion. 

In nibble mode, the three-state control 
of the Dqut P |n ' s determined by the 
first normal access cycle. 

The data output is controlled only by 
the WE state referenced at the CAS 
negative transition of the normal cycle 
(first nibble bit). That is, when t wcs > 
t W cs (min) is met, the data output will 
remain high impedance state throughout 
the succeeding nibble cycle regardless 
of the WE state. Whereas, when t CWD > 
tcwD (min) is met, the data output will 
contain data from the cell selected 
during the succeeding nibble cycle re- 
gardless of the WE state. The write 
operation is done during the period in 
which the WE and CAS clocks are low. 
Therefore, the write operation can be 
performed bit by bit during each nibble 
operation regardless of timing con- 
ditions of WE (t WC s and t CW o) during 
the normal cycle (first nibble bit). 

See Fig. 2. 

Refresh: 

Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 256 row-addresses 
(A 0 to A 7 ) at least every 4 ms. 

The MB 81257 offers the following 3 
types of refresh. 

RAS-only Refresh; 

The RAS only refresh aboids any out- 
put during refresh because the output 
buffer is in the high impedance state un- 
less CAS is brought low. Strobing each 

1-55 


MB8 1257-10 
MB81257-12 
MB81257-15 


of 256 row-addresses (A 0 to A 7 ) with 
RAS will cause all bits in each row to 
be refreshed. Further RAS-only refresh 
results in a substantial reduction in 
power dissipation. During RAS-only 
refresh cycle, either V (H or V iL is per- 
mitted to A 8 . 

CAS-before-RAS Refresh; 

CAS-before-RAS refreshing available on 
the MB 81257 offers an alternate re- 
fresh method. If CAS is held low 
for t he specified period (t FCS ) before 
RAS goes to low, on-chip refresh 
control clock generators and the refresh 
address counter are enabled, and an 
internal refresh operation takes place. 
After the refresh operation is perform- 
ed, the refresh address counter is auto- 
matically incremented in preparation 
for the next CAS-before-RAS refresh 
operation. 

Hidden Refresh; 

A hidden refresh cycle may takes place 
while maintaining latest valid data at 
the output by extending the CAS active 
time. For the MB 81257, a hidden 
refresh cycle is CAS-before-RAS refresh. 


The internal refresh address counters 
provide the refresh addresses, as in a 
normal CAS-before-RAS refresh cycle. 

CAS-before-RAS Refresh Counter Test 
Cycle: 

A special timing sequence using CAS- 
before-RAS counter test cycle provides 
a convenient method of verifying the 
functionality of CAS-before-RAS re- 
fresh activ ated circuitry. After the 
CAS-before-RAS refresh operation, if 
CAS goes to high and goes to low again 
while RAS is held low, the read and 
write operation are enabled. This is 
shown in the CAS-before-RAS counter 
test cycle timing diagram. A memory 
cell address, consisting of a row address 
(9 bits) and a column address (9 bits), 
to be accessed can be defined as fol- 
lows: 

*A ROW ADDRESS - Bits A 0 to A 7 
are defined by the refresh counter. 
The bit A 8 is set high internally. 

*A COLUMN ADDRESS - All the bits 
A 0 to A 8 are defined by latching 
levels on A 0 to A 8 at the second 
falling edge of CAS. 


Table 1 - NIBBLE MODE ADDRESS SEQUENCE EXAMPLE 


SEQUENCE 

NIBBLE BIT 

RA 8 

ROW ADDRESS 

00 

< 

O 

R AS/CAS (normal mode) 

1 

0 

10101010 

0 

toggle CAS (nibble mode) 

2 

1 

10101010 

0 

toggle CAS (nibble mode) 

3 

0 

10101010 

1 

toggle CAS (nibble mode) 

4 

1 

10101010 

1 

toggle CAS (nibble mode) 

1 

0 

10101010 

0 


Suggested CAS-before-RAS Counter Test 

Procedure 

The timing, as shown in the CAS-before- 

RAS Counter Test Cycle, is used for 

the following operations: 

1) Initialize the internal ref resh address 
counter by using eight CAS-before- 
RAS refresh cycles. 

2) Throughout the test, use the same 
column address, and keep RA8 high. 

3) Write "low” to all 256 row address 
on the same column address by using 
normal early write cycles. 

4) Read "low" written in step 3) and 
check, and simultaneously write 
"high" to the same address by using 
internal refresh counter test read- 
write cycles. This step is repeated 
256 times, with the addresses being 
generated by internal refresh address 
counter. 

5) Read "high" written in step 4) and 
check by using normal read cycle for 
all 256 locations. 

6) Complement the test pattern and 
repeat step 3), 4) and 5). 


COLUMN 

ADDRESS 

10101010 input addresses 
10101010 " 

10101010 > generated internally 
10101010 

10101010 J sequence repeats 


1-56 



MB81 257-10 
MB81257-12 
MB81257-15 









MB81 257-10 
MB81257-12 
MB81257-15 


Table-2 FUNCTIONAL TRUTH TABLE 


WE 

Din 

Dout 

Read 

Write 

Refresh 

Note 

Don't Care 

Don't Care 

High-Z 

! 

No 

No 

... ... 1 

No 

Standby 

H 

Don't Care 

Valid Data 

Yes 

1 

No 

Yes 

Read 

L 

Valid Data 

High-Z 

No 

Yes 

Yes 

Early Write 
twcs^wcs (min) 

L 

Valid Data 

Valid Data 

Yes 

Yes 

Yes 

Delayed Write or Read-Write 
(t W cs <t wcs (min) or 
^cwd ^^cwd (min)) 

Don't Care 

Don't Care 

High-Z 

No 

No 

Yes 

R AS- only Refresh 

Don't Care 

Don't Care 

Valid Data 

No 

No 

Yes 

CAS-before-RAS Refresh Valid 
data selected at previous Read 
or Read-Write cycle is held. 

Don't Care 

Don't Care 

High-Z 

No 

No 

No 

CAS disturb. 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 4- NORMALIZED ACCESS TIME 



4.0 5.0 6.0 

V cc SUPPLY VOLTAGE (V) 


Fig. 5 - NORMALIZED ACCESS TIME 
vs AMBIENT TEMPER AUTRE 



Fig. 6- OPERATING CURRENT 
vs CYCLE RATE 



Fig. 7 - OPERATING CURRENT 



4.0 5.0 6.0 


V cc , SUPPLY VOLTAGE (V) 


Fig. 8 -OPERATING CURRENT 
vs AMBIENT TEMPERATURE 



T a , AMBIENT TEMPERATURE (°C) 


Fig. 9 - STANDBY CURRENT 
vs SUPPLY VOLTAGE 
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Fig. 10 - STANDBY CURRENT 
vs AMBIENT TEMPERATURE 



T A , AMBIENT TEMPERATURE (°C) 


Fig. 11 - REFRESH CURRENT 1 
vs CYCLE RATE 



Fig. 12- REFRESH CURRENT 1 



4.0 5.0 6.0 

V CC . SUPPLY VOLTAGE (V) 


Fig. 13- NIBBLE MODE CURRENT 
vs CYCLE RATE 



Fig. 14- NIBBLE MODE CURRENT 
vs SUPPLY VOLTAGE 
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4.0 5.0 6.0 


Fig. 15- REFRESH CURRENT 2 
vs CYCLE RATE 
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Fig. 16 — REFRESH CURRENT 2 



4.0 5.0 6.0 

V C c» SUPPLY VOLTAGE (V) 


Fig. 17 - ADDRESS AND DATA INPUT 
VOLTAGE vs SUPPLY VOLTAGE 



Fig. 18 - ADDRESS AND DATA INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 



T a , AMBIENT TEMPERATURE (°C) 


Fig. 19 - RAS, CAS AND WE INPUT 
VOLTAGE vs SUPPLY VOLTAGE 



Fig. 20- RAS, CAS AND WE INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 
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Fig. 21 - ACCESS TIME vs LOAD 
CAPACITANCE 



C L , LOAD CAPACITANCE (pF) 
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PACKAGE DIMENSIONS 


Standard 16-pin Ceramic DIP (Suffix: -C) 




16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16C-A03) 




1 h- — .050(1 ,27)MAX 

1 f 1 1 

,200(5.08)MAX 

.1 34±.01 4 
(3.40+0.36) 

b-r 

K 

WK 

MM 

H 


4_J 

r 



^032(0.81) 

' REF 

.032+.012 

(0.81±0.30; 

) 


i .700(1 7.78)REF 

L 047 + 015 (1 20 +0 ' 38 ) — — 

-.005 -0.13' 


•018M^(0.46-;-, 


©1988 FUJITSU LIMITED D16035S-3C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 

Standard 16 -pin Ceramic DIP (Suffix: -Z) 



R.025(0.64) 
REF \ 


■ lOOt.OIQ 
(2. 54± 0.25)1 


16-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(CASE No. : DIP-16C-C04) 


. a +.°14 I 

-.004 ,319±.006 

,,,+0.36. (8.10+0.15) 

-0.10 I 



I I | .032(0.81) 

b-— — H r* TY p 

.700(17. 78)REF 




,134±.014 

(3.40±0.36) 


.032+. 01 2 
(0.81 ±0.30) 


31988 FUJITSU LIMITED D16032S-4C 






PACKAGE DIMENSIONS 

Standard 16-pin Plastic DIP (Suffix: -P) 



Standard 18-pin Plastic LCC (Suffix: -PD) 
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PACKAGE DIMENSIONS 

Standard 16-Pin Plastic ZIP(Suffix: -PSZ) 



16 LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 
(CASE No.: ZIP-16P-M01) 

— . 803 ^ ; o?|(20-do i g |g) -h 


.260+ 010 
(6.60 + 0.25) 




. 020+ 004 
'(0.50 + 0.10) 


118(3.00) MIN 


.100(2.54) TYP 
(ROW SPACE) 



(BOTTOM VIEW) 


© 1988 FUJITSU LIMITED Z16001S-4C 


Dimensions in 
inches (millimetres 






mm 
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PACKAGE DIMENSIONS 


Standard 18-pin Ceramic LCC (Suffix: -TV) 



18-LEAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-18C-F04) 




"Shape of Pin 1 index: Subject to change without notice 


Dimensions in 
inches (millimeters) 
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DATA SHEET 


FUJITSU 


MB 81 257-80 

MOS 262, 144 BIT DYNAMIC RANDOM ACCESS MEMORY 


262,144 Bit Dynamic Random Access Memory 

The Fujitsu MB81257 is a fully decoded, dynamic NMOS random access 
memory organized as 262,1 44 one-bit words. The design is optimized for high speed, 
high performance applications such as mainframe memory, buffer memory, peripheral 
storage, and environments where low power dissipation and a compact layout are 
required. 

Multiplexed row and column address inputs permit the MB81 257 to be housed in 
standard 1 6-pin DIP and ZIP packages or an 1 8-pin PLCC package. Pinouts conform 
to the JEDEC- approved pinouts. Additionally, the MB81257 offers n ew fu nctional 
enha ncements that make it more versatile than previous dynamic RAMs. CAS-before- 
RAS refresh provides an on-chip refresh capability that is upwardly compatible with the 
MB8266A. The MB81257 also features nibble mode which allows high speed serial 
access of up to 4 bits of data. 

The MB81257 is fabricated using silicon gate NMOS and Fujitsu's advanced 
Triple-layer Polysilicon process. This process, coupled with single-transistor memory 
storage cells, permits maximum circuit density and minimal chip size. Dynamic 
circuitry is used in the design, including the sense amplifiers. Clock timing 
requirements are noncritical, and power supply tolerance is very wide. All inputs are 
TTL compatible. 


• 262,144 x 1 RAM organization 

• Silicon-gate, Triple Poly NMOS, single 
transistor cell 

• Row Access Time (t RAC ) 

80 ns max. (MB 81257-80) 

• Random Cycle Time (tnc) 

175 ns min. (MB81257-80) 

• Nibble Cycle Time 

45 ns max. (MB 81257-80) 

• Single +5 V Supply, ±10% tolerance 

• Low Power 

385 mW max. (MB 81 257-80) 

25 mW max. (standby) 

• 256 refresh cycles every 4 ms 
•CAS-before-RAS, RAS-only, Hidden 

refresh capability 


High speed Read-white-Write cycle 
tAR. twcR, toHR. tRWD are eliminated 
Output unlatched cycle end allows 
two-dimensional chip select 
Common I/O capability using 
Early Write operation 
On-chip latches for Addresses and 
Data-in 

Standard 16-Pin Plastic Packages: 
DIP (MB81257-XXP) 

ZIP (MB8 1 257-XXPSZ) 
Standard 18-Pin Plastic Package: 

PLCC(MB81 257-XXPV) 

Standard 16-Pad Ceramic Package: 
DIP (MB81257-XXC) 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

VinVqut 

-1 to +7 

V 

Voltage of Vqc supply relative to Vss 

Vcc 

-1 to +7 

V 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

°C 

Plastic 

-55 to +125 

Power Dissipation 

Pd 

1.0 

W 

Short Circuit Output Current 

— 

50 

mA 


Not*: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Copyright © 1900 by FUJITSU LIMITED mi Fujitsu M icroofect ronics, Inc. 
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RECOMMENDED OPERATING CONDITIONS 

(Referenced to Vss) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Operating 

Temperature 


v cc 

4.5 

5.0 

5.5 

V 


Supply Voltage 

0 

0 

0 

V 



V SS 


Input High Voltage, all inputs 

V, H 

2.4 


6.5 

V 

0°C to +70° C 

Input Low Voltage, all inputs 

V,L 

-2.0 


0.8 

V 



DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

OPERATING CURRENT* 

Average Power Supply Current 
(RAS, CAS cycling, t RC = Min.) 

MB 81257-80 

*CC1 



70 

mA 

STANDBY CURRENT 

Standby Power Supply Current (RAS, CAS = V !H ) 

*CC2 



4.5 

mA 

REFRESH CURRENT 1* 

Average Power Supply Current 
(RAS cycling, CAS = V !H ; t RC = Min.) 

MB 81257-80 

*CC3 



60 

mA 

NIBBLE MODE CURRENT* 

Average Power Supply Current 
(RAS = V| L , CAS cycling; t NC = Min.) 

MB 81257-80 

1 CC4 



22 

mA 

REFRESH CURRENT 2* 

Average Power Supply Current 
(CAS-before-RAS; t RC = Min.) 

MB 81257-80 

•CC5 



65 

mA 

INPUT LEAKAGE CURRENT any input 

(V )N = 0V to 5.5V, V cc = 4.5V to 5.5V, V ss = 0V, 

all other pins not under test = 0V) 

•l(L) 

-10 


10 

pA 

OUTPUT LEAKAGE CURRENT 
(Data is disabled, V OUT = 0V to 5.5V) 

•o(L) 

-10 


10 

pA 

OUTPUT LEVEL 

Output Low Voltage (I 0 |_ = 4.2mA) 

VOL 



0.4 

V 

OUTPUT LEVEL 

Output High Voltage (Iqh = -5.0mA) 

VOH 

2.4 



V 


NOTE* : l cc is depended on output loading and cycle rates. Specified values are obtained with the output open. 
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AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


NOTES 1, 2, 3 


Parameter 

Symbol 

Value 

Unit 

Min 

Max 

Time between Refresh 

t REF 


4 

ms 

Random Read/Write Cycle Time 

t RC 

175 


ns 

Read-Write Cycle Time 

t RWC 

180 


ns 

Access Time from RAS 0 0 

^ RAC 


80 

ns 

Access Time from CAS 0 0 

t CAC 


45 

ns 

Output Buffer Turn off Delay 

toFF 

0 

25 

ns 

Transition Time 

*T 

3 

50 

ns 

RAS Precharge Time 

X RP 

80 


ns 

RAS Pulse Width 

^ RAS 

85 

100000 

ns 

RAS Hold Time 

^ RSH 

50 


ns 

CAS Pulse Width 

t CAS 

50 

100000 

ns 

CAS Hold Time 

t CSH 

85 


ns 

RAS to CAS Delay Time Q0 

*RCD 

20 

35 

ns 

CAS to RAS Set Up Time 

t CRS 

10 


ns 

Row Address Set Up Time 

t ASR 

0 


ns 

Row Address Hold Time 

t RAH 

10 


ns 

Column Address Set Up Time 

t ASC 

0 


ns 

Column Address Hold Time 

t CAH 

15 


ns 

Read Command Set Up Time 

t RCS 

0 


ns 

Read Command Hold Time Referenced to CAS 0 

tRCH 

0 


ns 

Read Command Hold Time Referenced to RAS 0 

tRRH 

20 


ns 

Write Command Set Up Time QQ 

twcs 

0 


ns 

Write Command Pulse Width 

t W p 

15 


ns 

Write Command Hold Time 

*WCH 

15 


ns 

Write Command to RAS Lead Time 

RWL 

35 


ns 

Write Command to CAS Lead Time 

^CWL 

35 


ns 

Data In Set Up Time 

tDS 

0 


ns 

Data In Hold Time 

tOH 

15 


ns 

CAS to WE Delay Qjj] 

tcWD 

15 


ns 

Refresh Set Up Time for CAS Referenced to RAS 
(CAS-before-RAS cycle) 

^FCS 

20 


ns 

Refresh Hold Time for CAS Referenced to RAS 
(CAS-before-RAS cycle) 

^ FCH 

20 


ns 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Value 

Unit 

Min 

Max 

CAS Precharge Time (CAS-before-RAS cycle) 

fcpR 

20 


ns 

RAS Precharge to CAS Active Time (Refresh cycles) 

f RPC 

20 


ns 

Nibble Mode Read/Write Cycle Time 

t NC 

45 


ns 

Nibble Mode Read-Write Cycle Time 

t NRWC 

45 


ns 

Nibble Mode Access Time 

^NCAC 


18 

ns 

Nibble Mode CAS Pulse Width 

t NCAS 

20 


ns 

Nibble Mode CAS Precharge Time 

tlMCP 

15 


ns 

Nibble Mode Read RAS Hold Time 

tNRRSH 

20 


ns 

Nibble Mode Write RAS Hold Time 

^NWRSH 

35 


ns 

Nibble Mode CAS Hold Time Referenced to RAS 

t RNH 

20 


ns 

Refresh Counter Test Cycle Time QQ 

t RTC 

330 


ns 

Refresh Counter Test RAS Pulse Width QQ 

tTRAS 

230 

10000 

ns 

Refresh Counter Test CAS Precharge Time QQ 

tcPT 

50 


ns 


Notes: 

Q An initial pause of 200 /is is required after power up. 
And then several cycles (to which any 8 cycles to per- 
form refresh are adequate) are required before proper 
device operation is achieved. 

If internal refresh counter is to be effective, a mini- 
mum of 8 CAS before RAS refresh cycles are required. 

Q AC characteristics assume t T = 5 ns. 

Q V 1H (min) and V |L (max) are reference levels for 
measuring timing of input signals. Also, transition 
times are measured between V |H (min) and V |L 
(max.). 

Q Assumes that t RCD < t RCD ( max )- t R cD is 9 reater 
than the maximum recommended value shown in this 
table, t RAC will increase by the amount that t RCD 
exceeds the value shown. 

Ill Assumes that t RCD ^ t RCD (max). 

H! Measured with a load equivalent to 2 TTL loads and 
100 pF. 


Q Operation within the t RCD (max) limit insures that 
t R ac ( max ) can be met - t R cD ( max ) ls specified as a 
reference point only; if t RCD is greater than the 
specified t RCD (max) limit, then access time is con- 
trolled exclusively by t CAC . 

B f R cD (min) = t R AH ( m «n) + 2t T (t T =5ns) + t ASC (min) 
Q Either t RRH or t RCH must be satisfied for a read cycle. 
m twcs anc * t CWD are not restrictive operating para- 
meters. They are included in the data sheet as electrical 
characteristics only. If t wcs > t wcs (min), the cycle 
is an early write cycle and the data out pin will remain 
open circuit (high impedance) throughout entire cycle. 
^ fcwD ^ fcwD (min), the cycle is a read-write cycle 
and data out will contain data read from the selected 
cell. If neither of the above sets of conditions is satis- 
fied the condition of the data out is indeterminate, 
m Test mode cycle only. 
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Write Cycle (Early Write) 



v ol~ 


□ Don't Care 




Read-Write/Read-Modify-Write Cycle 



Nibble Mode Read Cycle 



□ Don't Care 



Nibble Mode Write Cycle (Early Write) 


* N WRSH t RNH 


*ASR *RAH tCAH 


V|H_ ROW V 1 COL. 

V,,- A ADD, a add. 


Nibble Mode Read-Write Cycle 


□ Don't Care 


'S23 


CAS— H f— l NRWC- 


} NWRSH iRNH 


*ASR tRAH AH 


ROW VJ r COL. 
ADD. A ADD. 


tRCS tCWD 


hi 


VALID \ f VALID \ / VALID' 

, DATA / VDATA / \ DATA A 


VALID Y V VALID \f \J VALID \J VALID 
DATA A /r DATA A A DATA A A DATA 


□ Don't Care 
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R AS only Refresh cycle 

NOTE: WE, D )N = Don't care, A 8 = V, H or V, L 


RAS 


ADDRESSES 
( Aq to A i ) 


CAS 


D OUT 


V, 

V, 



— *RAS 1 

V 

1 

j tAs . R 

r- — t RAH — 


if 


t RP 

tRPC 


V IH~ ROW V 

V 1 1 - A ADDRESS A 

t CHS 


v 1 H y 

V,, / 

1 \ 

1 

J X 

0 
> 



V OL — i\ 

\ - 


□ Don't Ca 


CAS-before-RAS Refresh Cycle 
NOTE: Address, WE, D )N = Don't care 



[ j Don't Care 




Hidden Refresh Cycle 




CAS-before-RAS Refresh Counter Test Cycle 
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DESCRIPTION 


Simple Timing Requirement 

The MB 81257 has improved circuitry 
that eases timing requirements for high 
speed access operations. The MB 81257 
can operate under the condition of 
t rcd (max) = t CAC thus providing 
optimal timing for address multiplexing. 
In addition, the MB 81257 has the 
minimal hold times of Address (t CAH ), 
WE (tw/cH ) an d D, n (t d |_| ) . The 
MB 81257 provides higher throughput 
in inter-leaved memory system applica- 
tions. Fujitsu has made timing require- 
ment that are referenced to RAS 
non-restrictive and deleted them from 
the data sheet. These include t AR> 
twcRr tDHR ar *d *rwd- As a result, 
the hold times of the Column Address, 
D, n an d WE as well as t CWD (CAS 
to WE Delay) are not ristricted by 

t RCD • 

Address Inputs: 

A total of eighteen binary input address 
bits are required to decode any 1 of 
262,144 cell locations within the 
MB 81257. Nine row-address bits are 
established on the input pins (A 0 
to A 8 ) and are latched with the Row 
Address Strobe (RAS). Nine column- 
address bits are established on the input 
pins and are latched with the Column 
Address Strobe (CAS). All row ad- 
dresses must be stable on or before the 
falling edge of RAS. CAS is internally 
inhibited ( or "gated") by RAS to 
permit triggering of CAS as soon as the 
Row Address Hold Time (t RAH ) speci- 
fication has been satisfied and the 
address inputs have been changed from 
row-addresses to column-addresses. 

Write Enable: 

The read mode or write mode is selected 
with the WE input. A high on WE 
selects read mode; low selects write 
mode. The data input is disabled when 
read mode is selected. 

Data Input: 

Data is written into the MB 81257 
during a write or read-write c ycle. The 
later falling edge of WE or CAS is a 
strobe for the Data In (D, N ) register. In 
a write cycle, if WE is brought low 


before CAS, D, N is strobed by CAS, 
and the set-up and hold times are re- 
ferenced to CAST In a read-write cycle, 
WE can be delayed after CAS has been 
low and CAS to WE Delay Time (t CWD ) 
has been satisfied. Thus D, N is strobed 
by WE, and set-up and hold times are 
referenced to WE. 

Data Output: 

The output buffer is three-state TTL 
compatible with a fan-out of two 
standard TTL loads. Data out is the 
same polarity as data-in. The output is 
in a high impedance state until CAS is 
brought low. In a read cycle, or read- 
write cycle, the output is valid after 
t RAC from transition of RAS when 
t RCD ( max ) ' s satisfied, or after t CAC 
from transition of CAS when the 
transition occurs after t RCD (max.) 
Data remain valid until CAS is re- 
turned to a high level. In a write cycle, 
the identical sequence occurs, but data 
is not valid. 

Fast Read-While-Write cycle 
The MB 81257 has a fast read while 
write cycle which is achieved by precise 
control of the three-state output buffer 
as well as by the simplified timings, 
described in the previous section. 
The output buffer is controlled by the 
sate of WE when CAS goes low. When 
WE is low during CAS transition to 
low, the MB 81257 goes into the 
early write mode in which the output 
floats and the common I/O bus can be 
used on the system level. Whereas, when 
WE goes low after tcwo following CAS 
transition to low, the MB 81257 goes 
into the delayed write mode. The 
output then contains the data from the 
cell selected and the data from D, N 
is written into the cell selected. There- 
fore, a very fast read write cycle is 
possible with the MB 81257. 

Nibble Mode: 

Nibble mode allows high speed serial 
read, write or read-modify-write access 
of 2, 3 or 4 bits of data. The bits of data 
that may be accessed during nibble 
mode are determined by the 8 row 
addresses and the 8 column addresses. 
The 2 bits of addresses (CA 8 , RA 8 ) are 


used to select 1 of the 4 nibble bits for 
initial access. After the first bit is 
accessed by normal mode, the remaining 
nibble bits may be accessed by toggling 
CAS high then low while RAS remains 
low. Toggling CAS causes RA 8 and 
CA 8 to be incremented internally while 
all other address bits are held constant 
and makes the next nibble bit available 
for access. (See Table 1 ). 

If more than 4 bits are accessed during 
nibble mode, the address sequence will 
begin to repeat. If any bit is written 
during nibble mode, the new data will 
be read on any subsequent access. If the 
write operation is executed again 
on subsequent access, the new data will 
be written into the selected cell loca- 
tion. 

In nibble mode, the three-state control 
of the Dqut pin is determined by the 
first normal access cycle. 

The data output is controlled only by 
the WE state referenced at the CAS 
negative transition of the normal cycle 
(first nibble bit). That is, when t wcs > 
t W cs (min) is met, the data output will 
remain high impedance state throughout 
the succeeding nibble cycle regardless 
of the WE state. Whereas, when t CW D > 
tcwo (min) is met, the data output will 
contain data from the cell selected 
during the succeeding nibble cycle re- 
gardless of the WE state. The write 
operation is done during the period in 
which the WE and CAS clocks are low. 
Therefore, the write operation can be 
performed bit by bit during each nibble 
operation regardless of timing con- 
ditions of WE (t wcs and t CWD ) during 
the normal cycle (first nibble bit). 

See Fig. 2. 

Refresh: 

Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 256 row-addresses 
(A 0 to A 7 ) at least every 4 ms. 

The MB 81257 offers the following 3 
types of refresh. 

RAS-only Refresh; 

The RAS only refresh aboids any out- 
put during refresh because the output 
buffer is in the high impedance state un- 
less CAS is brought low. Strobing each 
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of 2 56 row-addresses (A 0 toA 7 ) with 
RAS will cause all bits in each row to 
be refreshed. Further RAS-only refresh 
results in a substantial reduction in 
power dissipation. During RAS-only 
refresh cycle, either V (H or V| L is per- 
mitted to A 8 . 

CAS-before-RAS Refresh; 

CAS-before-RAS refreshing available on 
the MB 81257 offers an alternate re- 
fresh method. If CAS is held low 
for the specified period (tpcs) before 
RAS goes to low, on-chip refresh 
control clock generators and the refresh 
address counter are enabled, and an 
internal refresh operation takes place. 
After the refresh operation is perform- 
ed, the refresh address counter is auto- 
matically incremented in preparation 
for the next CAS-before-RAS refresh 
operation. 

Hidden Refresh; 

A hidden refresh cycle may takes place 
while maintaining latest valid data at 
the output by extending the CAS active 
time. For the MB 81257, a hidden 
refresh cycle is CAS-before-RAS refresh. 


The internal refresh address counters 
provide the refresh addresses, as in a 
normal CAS-before-RAS refresh cycle. 

CAS-before-RAS Refresh Counter Test 
Cycle: 

A special timing sequence using CAS- 
before-RAS counter test cycle provides 
a convenient method of verifying the 
functionality of CAS-before-RAS re- 
fresh activated circuitry. After the 
CAS-before-RAS refresh operation, if 
CAS goes to high and goes to low again 
while RAS is held low, the read and 
write operation are enabled. This is 
shown in the CAS-before-RAS counter 
test cycle timing diagram. A memory 
cell address, consisting of a row address 
(9 bits) and a column address (9 bits), 
to be accessed can be defined as fol- 
lows: 

*A ROW ADDRESS - Bits A 0 to A 7 
are defined by the refresh counter. 
The bit A 8 is set high internally. 

*A COLUMN ADDRESS - All the bits 
A 0 to A 8 are defined by latching 
levels on A 0 to A 8 at the second 
falling edge of CAS. 


Table 1 - NIBBLE MODE ADDRESS SEQUENCE EXAMPLE 


SEQUENCE 

NIBBLE BIT 

00 

< 

tr 

ROW ADDRESS 

00 

< 

O 

R AS/CAS (normal mode) 

1 

0 

10101010 

0 

toggle CAS (nibble mode) 

2 

1 

10101010 

0 

toggle CAS (nibble mode) 

3 

0 

10101010 

1 

toggle CAS (nibble mode) 

4 

1 

10101010 

1 

toggle CAS (nibble mode) 

1 

0 

10101010 

0 


Suggested CAS-before-RAS Counter Test 

Procedure 

The timing, as shown in the CAS-before- 

RAS Counter Test Cycle, is used for 

the following operations: 

1) Initialize the internal refresh address 
counter by using eight CAS-before- 
RAS refresh cycles. 

2) Throughout the test, use the same 
column address, and keep RA8 high. 

3) Write "low" to all 256 row address 
on the same column address by using 
normal early write cycles. 

4) Read "low" written in step 3) and 
check, and simultaneously write 
"high" to the same address by using 
internal refresh counter test read- 
write cycles. This step is repeated 
256 times, with the addresses being 
generated by internal refresh address 
counter. 

5) Read "high" written in step 4) and 
check by using normal read cycle for 
all 256 locations. 

6) Complement the test pattern and 
repeat step 3), 4) and 5). 


COLUMN 

ADDRESS 

10101010 input addresses 

10101010 " 

10101010 > generated internally 
10101010 

10101010 J sequence repeats 
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Table-2 FUNCTIONAL TRUTH TABLE 

RAS CAS WE D, n 


D | N 

d out 

Read 

Write 

Refresh 

Note 

Don't Care 

High-Z 

No 

No 

No 

Standby 

Don't Care 

Valid Data 

Yes 

No 

Yes 

Read 

Valid Data 

High-Z 

No 

Yes 

Yes 

Early Write 
twcs^wcs ( m i n ) 

Valid Data 

Valid Data 

Yes 

Yes 

Yes 

Delayed Write or Read-Write 
(tcWD^tcWD ( m i n )) 

Don't Care 

High-Z 

No 

No 

Yes 

RAS-only Refresh 

Don't Care 

Valid Data 

No 

No 

Yes 

CAS-before-RAS Refresh Valid 
data selected at previous Read 
or Read-Write cycle is held. 

Don't Care 

High-Z 

No 

No 

No 

CAS disturb. 


Fig. 3 - CURRENT WAVEFORM (V CC = 5.5V, T A = 25°C) 


RAS/CAS Cycle Hidden Refresh Cycle RAS-only Refresh Cycle 


Nibble Mode Cycle 


50ns/Division 






•cci' OPERATING CURRENT (mA) Icci- OPERATING CURRENT (mA) t RAC , NORMALIZED ACCESS TIME 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 4- NORMALIZED ACCESS TIME 



4.0 5.0 6.0 

V cc SUPPLY VOLTAGE (V) 


Fig. 5 - NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERAUTRE 



I M 


o 
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< 

DC 


-20 0 20 40 60 80 100 

t A( ambient TEMPERATURE (°C) 


Fig. 6 - OPERATING CURRENT 
vs CYCLE RATE 



Fig. 7 - OPERATING CURRENT 



4.0 5.0 6.0 

V C c, SUPPLY VOLTAGE (V) 


Fig. 8 - OPERATING CURRENT 
vs AMBIENT TEMPERATURE 
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Fig. 9 - STANDBY CURRENT 
vs SUPPLY VOLTAGE 


Ta= 

25° C 




































4.0 5.0 6.0 

V C c, SUPPLY VOLTAGE (V) 
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Fig. 10- STANDBY CURRENT 
vs AMBIENT TEMPERATURE 
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T a , AMBIENT TEMPERATURE (°C) 


Fig. 11- REFRESH CURRENT 1 
vs CYCLE RATE 



Fig. 12- REFRESH CURRENT 1 



4.0 5.0 6.0 

V CC . SUPPLY VOLTAGE (V) 


Fig. 13 - NIBBLE MODE CURRENT 
vs CYCLE RATE 



Fig. 14 - NIBBLE MODE CURRENT 
vs SUPPLY VOLTAGE 
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Fig. 15- REFRESH CURRENT 2 
vs CYCLE RATE 
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Fig. 16- REFRESH CURRENT 2 



4.0 5.0 6.0 

V cc , SUPPLY VOLTAGE (V) 


Fig. 17 - ADDRESS AND DATA INPUT 
VOLTAGE vs SUPPLY VOLTAGE 



4.0 5.0 6.0 

V c c. SUPPLY VOLTAGE (V) 


Fig. 18 - ADDRESS AND DATA INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 



T a , AMBIENT TEMPERATURE (°C) 


Fig. 19- RAS, CAS AND WE INPUT 
VOLTAGE vs SUPPLY VOLTAGE 



Fig. 20- RAS, CAS AND WE INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 



T A , AMBIENT TEMPERATURE (°C) 


Fig. 21 - ACCESS TIME vs LOAD 
CAPACITANCE 


v C c 
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=4.5V 
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PACKAGE DIMENSIONS 

(Suffix: -C) 



16-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-16C-A03) 


R. 050(1 .27) 
REF \ 


INDEX ARE 



.300±.010 

(7.62±0.25) 


1 . 0101.002 

(0.2510.05) 



.1001.010 _ 
(2.5410.25) 


.700(1 7.78)REF 
,+.015/! , n +0.38i 


.200(5.08)MAX 


.1341.014 

(3.4010.36) 


.032 + .012 
(0.81+0.30) 


o+ 005, n/lc +0.13 v 


Dimensions in 
inches (millimeters) 


D 1987 FUJITSU UMITED D16035S-3C 
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PACKAGE DIMENSIONS 

(Suffix: -PD) 


18-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-1 8P-M04) 



LEAD No. 


© 1989 FUJITSU LIMITED C18019S-1C 


050 ±005 
(1.27 + 0.13) 


Dimensions in 
inches (millimeters) 
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NMOS DRAMs 


Dynamic RAM Data Book 



1-92 



October 1990 
Edition 6.0 


DATA SHEET 


FUJITSU 


MB81464-12/-15 

MOS 262, 144 BIT DYNAMIC RANDOM ACCESS MEMORY 


65,536 x 4 Bits Dynamic Random Access Memory 

The Fujitsu MB81464 is a fully decoded, dynamic random access memory 
organized as 65,536 words by 4 bits. The design is optimized for high speed, high 
performance applications such as mainframe memory, buffer memory, peripheral 
storage, and system memory for microprocessor units where low power dissipation 
and a compact layout is required. 

The multiplexed row and column address inputs permit the MB81464 to be 
housed in standard 18-pin DIP and PLCC, or 20-pin ZIP packages. Additionally, the 
MB81464 offers new function al en hance ments that make it more versatile than 
previous dynamic RAMs. The CAS-before-RAS refresh cycle provides an on-chip 
refresh capability. The MB81464 also features page mode which allows high speed 
random access of up to 256 bits within the same row. 

The MB81464 uses silicon gate NMOS and Fujitsu’s advanced Triple-layer 
Polysilicon process technology. This process, coupled with single-transistor memory 
storage cells, permits maximum circuit density and minimal chip size. Dynamic 
circuitry is used in the design, including the sense amplifiers. Clock timing 
requirements are non critical, and power supply tolerance is very wide. All inputs are 
TTL compatible. 


65,536 x 4 DRAM organization 
Silicon-gate, Triple Poly NMOS, single 
transistor cell 
Row Access Time (tRAc) 

120 ns max. (MB 81464-12) 

150 ns max. (MB 81464-15) 

Cycle Time (t RC ) 

220 ns min. (MB 81464-12) 

260 ns min. (MB 81464-15) 

Page Cycle Time (tpc) 

120 ns max. (MB 81464-12) 

145 ns max. (MB 81464-15) 

Single +5 V Supply, ±10% tolerance 

Low Power 

358 mW max. (MB 81464-12) 

314 mW max. (MB 81464-15) 

27.5 mW max. (standby) 


• On-chip substrate bias generator 
for high performance 

• All inputs/outputs are TTL compatible 

• 4 ms/256 refresh cycles 

• Early write or OE controlled write 
capacity 

• CAS-before-RAS, RAS-only, 

Hidden refresh capability 

• Read write capability 

• On-chip latches for addresses and 
DQs 

• Compatible with ILPD41 254, HM50464, 
and TM4464 

• Standard 18-Pin Plastic Packages: 

DIP (MB81464-XXP) 

PLCC (MB81464-XXPV) 

Standard 20-Pin Plastic Package: 

ZIP (MB81464-XXPSZ) 

Standard 1 8- Pin Ceramic Package: 

DIP (MB81464-XXC) Metal Seal 


Absolute Maximum Ratings 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V|N, V 0 UT 

-1 to +7 

V 

Voltage of Vcc supply relative to Vss 

Vcc 

-1 to +7 

V 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

°C 

Plastic 

-55 to +125 

Power Dissipation 

Pd 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



PIN ASSIGNMENT 

0E C 

1 18 

□ Vss 

dqi C 

2 17 

2 DQ 4 

002 Cl 

3 16 

□ CAS 

WE C 

4 15 

^1 DQ 3 

rasQ 

a T0P 14 

VIEW 

□ a 0 

AaC 

6 13 

— 1 Al 


7 12 

□ As 

A4 

8 11 

□ a 3 

VccC 

9 10 

□ At 


oaide v ss DQ4 



/ 2 1 18 17 * 



O 


dq 2 

3 16 

P CAS 

we 

4 15 

IlDOa 

RAS 

5 TOP VIEW 14 

3*0 

A s 

I 6 13 

P A, 

A 5 

' 7 12 

^ U "U □ CJ 

P A, 


A « V CC A, a 3 


Pin assignment for ZIP: See page 21 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, It 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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RECOMMENDED OPERATING CONDITIONS 

(Referenced to V^) 


Parameter 

Symbol 

Value 

Unit 

Operating 

Temperature 

Min 

Typ 

Max 

Supply Voltage 

v cc 

4.5 

5.0 

5.5 

V 

0°C to 70° C 

v ss 

0 

0 

0 

V 

Input High Voltage, all inputs 

V,h 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs except DQ 

V,l 

-2.0 

- 

0.8 

V 

Input Low Voltage, DQ 

V 1LD . 

-1.0 


0.8 

V 


* The device will withstand undershoots to the -2.0 V level with a maximum pulse width of 20 ns at the -1.5 V level. 

DC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

OPERATING CURRENT* 

Average Power Supply Current 
(RAS, CAS cycling; t RC = min) 

MB 81464-12 

*CC1 



65 

mA 

MB 81464-15 



57 

STANDBY CURRENT 

Power Supply Current (RAS = CAS = V| H ) 

•cc 2 



5.0 

mA 

REFRESH CURRENT 1* 

Average Power Suppjy Current 
(CAS = V| H , RAS cycling; t RC = min) 

MB 81464-12 

^003 



55 

mA 

MB 81464-15 



50 

PAGE MODE CURRENT* 

Average Power Supply Current 
(RAS = V IL , CAS = cycling; t PC = min) 

MB 81464-12 

( CC4 



35 

mA 

MB 81464-15 



30 

REFRESH CURRENT 2* 

Average Power Supply Current 
(CAS-before-RAS; t RC = min) 

MB 81464-12 

•CC5 



60 

mA 

MB 81464-15 



55 

INPUT LEAKAGE CURRENT any input 

(0V < V| N ^ 5.5V, 4.5V g V cc < 5.5V, V ss = 0V, 

all other pins not under test = 0V) 

'l(L) 

-10 

1 

_ 

10 

juA 

OUTPUT LEAKAGE CURRENT 

(Data out is disabled, 0 V^ Vqut — 5.5 V) 

Idq(l) 

-10 


10 

ma 

OUTPUT LEVEL 

Output High Voltage (I 0 h = -5 mA) 

VoH 

2.4 



V 

OUTPUT LEVEL 

Output Low Voltage (Lql = 4.2 mA) 

VOL 



0.4 

V 


I cc is dependent on output loading and cycle rates. Specified values are obtained with the output open. 

I cc is dependent on input low voltage level V )LD , V )LD > -0.5 V. 
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AC CHARACTERISTICS 


(At recommended operating conditions unless otherwise noted.) 


NOTES 1,2,3 


Parameter lumdddl 

Symbol 

MB 81464-12 

MB 81464-15 

Unit 

Min 

Max 

Min 

Max 

Time between Refresh 

^ REF 


4 


4 

ms 

Random Read/Write Cycle Time 

*RC 

220 


260 


ns 

Read-Modify-Write Cycle Time 

f RWC 

305 


345 


ns 

Page Mode Cycle Time 

tpc 

120 


145 


ns 

Page Mode Read-Modify-Write Cycle 

Time 

tpRWC 

195 


225 


ns 

Access Time from R AS Q 0 

f R AC 


120 


150 

ns 

Access Time from CAS § 0 

f CAC 


60 


75 

ns 

Output Buffer Turn Off Delay 

toFF 

0 

25 

0 

30 

ns 

Transition Time 

t T 

3 

50 

3 

50 

ns 

RAS Precharge Time 

^RP 

90 


100 


ns 

RAS Pulse Width 

t RAS 

120 

100000 

150 

100000 

ns 

RAS Hold Time 

t RSH 

60 


75 


ns 

CAS Precharge Time (Page mode only) 

*CP 

50 


60 


ns 

CAS Precharge Time 

(All cycles except page mode) 

tCPN 

32 


35 


ns 

CAS Pulse Width 

*CAS 

60 

100000 

75 

100000 

ns 

CAS Hold Time 

f CSH 

120 


150 


ns 

RAS to CAS Delay Time Q 0 

f RCD 

22 

60 

25 

75 

ns 

CAS to RAS Set Up Time 

tcRS 

10 


10 


ns 

Row Address Set Up Time 

^ ASR 

0 


0 


ns 

Row Address Hold Time 

f RAH 

12 


15 


ns 

Column Address Set Up Time 

ASC 

0 


0 


ns 

Column Address Hold Time 

t CAH 

20 


25 


ns 

Read Command Set Up Time 

f RCS 

0 


0 


ns 

Read Command Hold Time _■ 

Referenced to RAS “ 

f RRH 

15 


20 


ns 

Read Command Hold Time — 

Referenced to CAS “ 

f RCH 

0 


0 


ns 

Write Command Set Up Time EE) 

fwcs 

-5 


-5 


ns 

Write Command Hold Time 

^ WCH 

30 


35 


ns 

Write Command Pulse Width 

t W P 

30 


35 


ns 

Write Command to RAS Lead Time EE) 

f RWL 

40 


45 


ns 
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AC CHARACTERISTICS (cont’d) 

(At recommended operating conditions unless otherwise noted.) 


Parameter ISMdsfcl 

Symbol 

MB 81464-12 

MB 81464-15 

Unit 

Min 

Max 

Min 

Max 

Write Command to CAS Lead Time B 

f CWL 

40 


45 


ns 

Data In Set Up Time 

*DS 

0 


0 


ns 

Data In Hold Time 

tDH 

30 


35 


ns 

Access Time from OE 

f OE A 


30 


40 

ns 

OE to Data In Delay Time 

f OED 

25 


30 


ns 

Output Buffer Turn Off Delay from OE 

f OEZ 

0 

25 

0 

30 

ns 

OE Hold Time Referenced to WE 

tOEH 

0 


0 


ns 

CAS Set Up Time Referenced to RAS 
(CAS-before-RAS refresh) 

tFCS 

20 


20 


ns 

CAS Hold Time Referenced to RAS 
(CAS-before-RAS refresh) 

tFCH 

25 


30 


ns 

znzz 1 

RAS Precharge to CAS Hold Time 
(Refresh cycles) 

t RPC 

10 


10 


ns 

~ 1 
CAS Precharge Time 
(CAS-before-RAS cycles) 

fcPR 

30 

! 

30 


ns 

OE to RAS in active Set Up Time 

fOES 

0 


0 


ns 

D, n to CAS Delay Time Q| 

tpzc 

0 


0 


ns 

Dim to OE Delay Time QQ 

f DZO 

0 


0 


ns 

Refresh Counter Test Cycle Time SB 

f RTC 

430 


505 


ns 

Refresh Counter Test Cycle ___ 

RAS Pulse Width m 

*TRAS 

330 

10000 

395 

10000 

ns 

Refresh Counter Test CAS ^ 

Precharge Time 

X CPT 

60 


70 


ns 


Notes: 

B An initial pause of 200 ms is required after power-up 
followed by any 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS-before-RAS initialization 
cycles instead of 8 RAS cycles are required. 

H AC characteristics assume t T = 5 ns. 

H V ih (min) and V )L (max) are reference levels for meas- 
uring timing of input signals. Also, transition times are 
measured between V iH (min) and V| L (max). 

Q Assumes that t RCD < t RCD (max). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will be increase by the amount that t RCD 
exceeds the value shown. 

d Assumes that t RCD ^ t RCD (max). 


El Measured with a load equivalent to 2 TTL loads and 
100 pF. 

B Operation within the t RCD (max) limit insures that 
tRAC (max) can be met. t RCD (max) is specified as a 
reference point only; if t RC D is greater than the speci- 
fied t RCD (max) limit, then access time is controlled 
exclusively by t CAC . 

HI 1-rcd (min) = t RAR (min) + 2tj (ty = 5 ns) + t A sc (min) 

El Either t RRH or t RCH must be satisfied for a read cycle. 

fill t wcs ' s not restrictive operating parameter. It is included 
in the data sheet as electrical characteristics only. Even if 
twcs ^ t w cs(min), the write cycle can be excuted by 
satisfying t RWL or t CWL specification. 

HI Either t DZC or t DRO must be satisfied for all cycles. 

SB Refresh Counter Test Cycle only. 
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Read Cycle 


ADDRESSES 


DQ 

(INPUT) 



Write Cycle (Early Write) 

OE : Don't care 



DQ 

(OUTPUT) 


VoH“, 

v OL - 


'HIGH-Z 1 


Don't Care 
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Read-Mod ify-Write Cycle 

1 rwc — 

AS 


tRAH t ASC 


ADDRESSES V 'H 
V, , - 


(OUTPUT) .. 

Vr 


tRAC- 1 

-HIGH-Z H DATA ) 

tQEAj-— 


EU Don't Care 



Note: 1) When OE is kept high through a cycle, the DQ pins are kept high-Z state. 
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Page Mode Read Cycle 


T \ 

v iL -Jir ^-asc ’ 

tASRh—H hi K 


H *CAH tASCu 


DQ v I H — 

(INPUT) V | L — 


DQ v oh~ 

(OUTPUT) V OL - 


-r > — Khigh-z — H JM— high-z-— < 

p— T t DZO J t DZO p i ni i i« i» «iM iiiii i 

]iF^“^dr tOFF r^-i lQFF 

'U-HIGH-Z— ( ^ V D *V° ] j-— ! OHIGH-Z^Hr^ 1 ^ HU 

_t OEZ , ^‘OEZ ^EAJlTZ. t 0 EZ 

^t OED r n^ ,oEp 


DQ v l H 

(INPUT) v, L — 


Page Mode Write Cycle 

(OE=Don't Care) 


/ UOS/ 

t A SR l-^U. i 

r^4^sM tcAH 


jtCAH t ASCh 


COLUMN 
t ADDRESS , 


< I Don't Care 



|twCH tw CS-. 


DQ “ OH - 

(OUTPUT) Vql - 
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Page Mode Read Modify-Write Cycle 


t RC D I—- tp R wC 

1 — tcsH-H h- t cp— j 

K'cas— ] / \ h— t( 


Usc H r 1 

. V|H- “^V r ROW.V COL. 
tRCSK— 


f-*— tCAS— 

V 


-^~ t CAS— H/" 

Jj 

— i *CAH 

' ■ i: 

— j t CAH 


pCWL ^ R 9|| 1 

— — ^WP / 


n'CWL tRGS 

# ■ ■■ » -I f 

Htwp / 


DQ V|, 

(INPUT) v 


v - CAC r 

DQ V °H hIGH-Z— 6 

(OUTPUT) v OL - ' T 

OL tDZO.tOEA] 


HIGH-Z— 
-tQEZ 'OEAf- 


— HIGH-Z— 



1'” '.^l Don't Can 


RAS-Only Refresh Cycle 

(WE, 0E= Don't Care) 



ADDRESSES V,H 
V,L- 


DQ v OH~ 

(OUTPUT) V OL — 


^ ^CRS^ 
tASRh- — * 


ROW 

ADDRESS 





/ 

r \ 


— 

b— tQFF 



HI Don't Care 
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CAS-before-RAS Refresh Cycle 
NOTE: Addresses, WE, OE = Don't care 


RAS 


CAS 

DQ 

(OUTPUT) 



03 Don't care 


Hidden Refresh Cycle 
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Refresh Counter Test Cycle 



DESCRIPTION 

Address Inputs: 

A total of sixteen binary input address 
bits are required to decode parallel 4 
bits of 262,144 storage cell locations 
within the MB 81464. 

Eight row-address bits are established on 
the input pins (A 0 through A 7 ) and 
latched with the Row Address Strobe 
(RAS). The eight column-address bits 
are established on the input pins (A 0 
through A 7 ) and latc hed with the 
Column Address Strobe (CAS). 

The row and column address inputs 
must be stable on or before the falling 
edge of RAS and CAS, respectively. 
CAS is internally inhibited (or "gated") 
by RAS to permit triggering of CAS as 
soon as the Row Address Hold Time 
(t RAH ) specification has been satisfied 
and the address inputs have been 
changed from row-addresses to column- 
addresses. 
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Write Enable: 

The read mode or write mode is selected 
with the Write Enable (WE) input. A 
high on WE selects read mode and low 
selects write mode. The data inputs are 
disabled when the read mode is selected. 
When WE goes low prior to CAS, data- 
outs will remain in the high-impedance 
state allowing a write cycle. 

Data Pins: 

Data Inputs; 

Data are written during a write or read- 
modify-write cycle. The later falling 
edge of CAS or WE strobes data into the 
on-chip data latches. In an early- write 
cycle, WE is brought low prior to CAS 
and the data is strobed by CAS with 
setup and hold times referenced to CAS. 
In a read-mod ify -write cycle, thus the 
data will be strobed by WE with set-up 
and hold times referenced to WE. 

In a read-modify-write cycle, OE must 


be low after t DZO to change the data 
pins from input mode to output mode 
and then OE must be changed to low 
before t OED to return the data pins to 
input mode. In an early write cycle, 
data pins are in input mode regardless 
of the status of OE. 

Data Outputs; 

The three-state output buffers provide 
direct TTL compatibility with a fan out 
of two standard TTL loads. Data-out 
are the same polarity as data-in. The 
outputs are in the high-impedance state 
until CAS is brought low. In a read 
cycle, the outputs go active after the 
access time interval t RAC and t OEA are 
satisfied. The outputs become valid 
after the access time has elapsed and re- 
main valid while CAS and OE are low. 
In a read operation, either OE or CAS 
returning high brings the outputs into 
the high impedance state. 
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Output Enable: 

The OE controls the impedance of the 
output buffers. In the high state on OE, 
the output buffers are high impedance 
state. In the low state on OE, the out- 
put buffers are low impedance state. 
But in early write cycle, the output buf- 
fers are in high impedance state even if 
OE is low. In the page mode read cycle, 
OE can be allowed low through the 
cycle. In the page mode early write 
cycle, OE can be allowed high through- 
out the cycle. In the page mode read- 
modify-write or delayed write cycle, 
OE must be changed from low to high 

with t OE D- 

Page Mode: 

Page Mode operation permits strobing 
the row-address into the MB 81464 
while maintaining RAS at a low through- 
out all successive memory operations in 
which the row-address doesn't change. 
Thus the power dissipated by the 
falling edge of RAS is saved. Further, 
access and cycle times are decreased 
because the time normally required to 
strobe a new row-address is eliminated. 

Refresh; 

Refresh of the dynamic memory cells is 
accomplished by performing a memory 
cycle at each of the 256 row-addresses 
(A 0 through A 7 ) at least every four 
milliseconds. 

The MB 81464 offeres the following 
three types of refresh. 

RAS-Only Refresh: 

RAS-only refresh avoids any output 
during refresh because the output buf- 
fuers are in the high impedance state 
unless CAS is brought low. Strobing 


each of 256 row-addresses with RAS 
will cause all bits in each row to be re- 
freshed. 

Further RAS-only refresh results in a 
substantial reduction in power dissipa- 
tion. 

CAS-before-RAS Refresh; 

CAS-before-RAS refreshing available on 
the MB 81464 offers an alternate re- 
fresh method. If CAS is held low for 
the specified period (t FCS ) before RAS 
goes to low, on chip refresh control 
clock generators and the refresh address 
counter are enabled, and a internal 
refresh operation takes place. 

After the refresh operation is per- 
formed, the refresh address counter is 
automatically incremented in prepara- 
tion for the next CAS-before-RAS 
refresh operation. 

Hidden Refresh: 

Hidden refresh cycle may take place 
while maintaining latest valid data at 
the output by extending CAS active 
time. 

In MB 81464, hidden refresh means 
CAS-before-RAS refresh and the inter- 
nal refresh addresses from the counter 
are used to refresh addresses i.e., it 
doesn't need to apply refresh addresses, 
because CAS is always low when RAS 
goes to low in the cycle. 

CAS-before-RAS Refresh Counter Test 
Cycle: 

A special timing sequence using CAS- 
before-RAS counter test cycle provides 
a convenient method of verifying the 
functionality of CAS-before-RAS re- 
fresh activated circuitry. After the 
CAS-before-RAS refresh operation, if 


CAS goes to high and goes to low again 
while RAS is held low, the read and 
write operation are enabled. This is 
shown in the CAS-before-RAS counter 
test cycle timing diagram. A memory 
cell address, consisting of a row address 
(9 bits) and a column address (9 bits), 
to be accessed can be defined as fol- 
I ows : 

*A ROW ADDRESS - All bits are 
defined by the refresh counter. 

*A COLUMN ADDRESS- All the bits 
A 0 to A 7 are defined by latching 
levels on A 0 to A 7 at the second 
falling edge of CAS. 

Suggested CAS-before-RAS Counter 
Test Procedure 

The timing, as shown in the CAS-before- 
RAS Counter Test Cycle, is used for the 
following operations: 

1) Initialize the internal refresh address 
counter by using eight CAS-before- 
RAS refresh cycles. 

2) Throughout the test, use the same 
column address. 

3) Write "low" to all 256 row address 
on the same column address by using 
normal early write cycles. 

4) Read "low" written in step 3) and 
check, and simultaneously write 
"high" to the same address by using 
internal refresh counter test cycles. 
This step is repeated 256 times, with 
the addresses being generated by 
internal refresh address counter. 

5) Read "high" written in step 4) and 
check by using normal read cycle for 
all 256 locations. 

6) Complement the test pattern and 
repeat step 3), 4) and 5). 
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I C C1. OPERATING CURRENT (mA) l C ci, OPERATING CURRENT (mA) t RAC , NORMALIZED ACCESS TIME 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 3 - NORMALIZED ACCESS TIME 



4.0 5.0 6.0 

V cc , SUPPLY VOLTAGE (V) 


Fig. 4 - NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 



-20 0 20 40 60 80 1 00 

T a , AMBIENT TEMPERATURE (°C) 


Fig. 5 - OPERATING CURRENT 
vs. CYCLE RATE 


T a = 25° C 

V cc = 5.5V 
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l/t RC , CYCLE RATE (MHz) 


Fig. 6 - OPERATING CURRENT 
vs. SUPPLY VOLTAGE 



4.0 5.0 6.0 

V cc , SUPPLY VOLTAGE (V) 


Fig. 7 -OPERATING CURRENT 
vs. AMBIENT TEMPERATURE 


V cc = 5.5V ' 
t R c = 230 ns 
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T A , AMBIENT TEMPERATURE (°C) 
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Fig. 8 - STANDBY CURRENT 
vs. SUPPLY VOLTAGE 


t A = 

25° C 
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V cc , SUPPLY VOLTAGE (V) 
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I CC4 , PAGE MODE CURRENT (mA) I C C3. REFRESH CURRENT 1 (mA) l CC 2> STANDBY CURRENT (mA) 
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Fig. 9 - STANDBY CURRENT 
vs. AMBIENT TEMPERATURE 



t a , AMBIENT TEMPERATURE (°C) 


Fig. 10 - REFRESH CURRENT 1 
vs. CYCLE RATE 



Fig. 11 - REFRESH CURRENT 1 
vs. SUPPLY VOLTAGE 


Ta = ; 
irc = 

>5°C 

230ns 
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V C c« SUPPLY VOLTAGE 


Fig. 12 - PAGE MODE CURRENT 
vs. CYCLE RATE 



Fig. 13 -PAGE MODE CURRENT 
vs. CYCLE RATE 



Fig. 14 - REFRESH CURRENT 2 
vs. CYCLE RATE 
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Fig. 15 - REFRESH CURRENT 2 



4.0 5.0 6.0 

V cc , SUPPLY VOLTAGE (V) 


Fig. 16- ADDRESS AND DATA INPUT 
VOLTAGE vs. SUPPLY VOLTAGE 



V cc , SUPPLY VOLTAGE (V) 


Fig. 17 - ADDRESS AND DATA INPUT 
VOLTAGE vs. AMBIENT TEMPERATURE 
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T a , AMBIENT TEMPERATURE (°C) 


Fig. 18 - RAS, CAS, WE AND OE INPUT 
VOLTAGE vs. SUPPLY VOLTAGE 
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V cc , SUPPLY VOLTAGE (V) 


Fig. 19 - RAS, CAS, WE AND OE INPUT 
VOLTAGE vs. AMBIENT TEMPERATURE 
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T a , AMBIENT TEMPERATURE (°C) 


Fig. 20 -ACCESS TIME 
vs. LOAD CAPACITANCE 


T a = 25° C 

V CC = 4.5V 
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Fig. 21 - OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 



V OL , OUTPUT VOLTAGE (V) 
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Fig. 22 - OUTPUT CURRENT 
vs. OUTPUT VOLTAGE 



— 

= 25° C 





£ 







\ 

=C = 5 

5V 




V 

v 





A 

□ 

\ 



\ 

1 

L5VV 


^ 



0 1 2 3 4 5 6 

V OH , OUTPUT VOLTAGE (V) 



Fig. 24 - CURRENT WAVEFORM 
DURING POWER UP 
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18-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-1 8P-M03) 



© 1988 FUJITSU LIMITED D18011S-3C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 

(Suffix: -PD) 


18-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-18P-M04) 



© 1989 FUJITSU LIMITED C18019S-1C 


Dimensions in 
inches (millimeters) 


1-112 






MB81464-12 

MB81464-15 


PACKAGE DIMENSIONS 

(Suffix: -PSZ) 




1-113 






MB81464-12 

MB81464-15 


PACKAGE DIMENSIONS 

(Suffix: -C) 



18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-1 8C-A01) 



.293 + '9?~ I 

-010 ,300± .01 0 

(7 45 +0 ' 20 ) (7.62+0.25) 
-0.25' I 

_i L.J 



-.055(1. 40)MAX 



.200(5. 08)MAX 


■ 100± .010 I 
(2.54±b.25)T 


|- 134 -.m4 < 3 - 40 -0°36) 


.800(20.32)REF 
■050±.01 0 
(1.27±0.25) 


h— .035+. 015 

(0.89±0.38) 


pvi p"^.005 if. - R +0.13> 
01 8 -. 003 °' 46 -0.08 


5 1988 FUJITSU LIMITED D18014S-4C 


Dimensions in 
inches (millimeters) 






Section 2 


CMOS DRAMs — At a Glance 


Page 

Device 

Maximum 
Access 
Time (ns) 

Capacity 

Package 

Options 


2-3 

MB81 Cl 000-70 

70 

1048576 bits 

18-pin 

Plastic 

DIP 


-80 

80 

(1048576 x 1) 

18-pin 

Ceramic 

DIP 


-10 

100 


20-pin 

Plastic 

ZIP 


-12 

120 


26-pin 

Plastic 

SOJ 

2-25 

MB81C1000-70L 

70 

1048576 bits 

18-pin 

Plastic 

DIP 


-80L 

80 

(1048576 x 1) 

18-pin 

Ceramic 

DIP 


-10L 

100 


20-pin 

Plastic 

ZIP 


-12L 

120 


26-pin 

Ceramic 

SOJ 

2-47 

MB81C1000A-60 

60 

1048576 bits 

18-pin 

Plastic 

DIP 


-70 

70 

(1048576 x 1) 

18-pin 

Ceramic 

DIP 


-80 

80 


20-pin 

Plastic 

ZIP 


-10 

100 


24-pin 

Plastic 

FPT 





26-pin 

Plastic 

SOJ 

2-71 

MB80C1000A-70L 

70 

1048576 bits 

18-pin 

Plastic 

DIP 


-80L 

80 

(1048576 x 1) 

18-pin 

Ceramic 

DIP 


-10L 

100 


20-pin 

Plastic 

ZIP 





24-pin 

Plastic 

FPT 





26-pin 

Plastic 

SOJ 

2-95 

MB81C1001-70 

70 

1048576 bits 

18-pin 

Plastic 

DIP 


-80 

80 

(1048576 x 1) 

18-pin 

Ceramic 

DIP 


-10 

100 


20-pin 

Plastic 

ZIP 


-12 

120 


26- pin 

Plastic 

SOJ 

2-117 

MB81C1001-70L 

70 

1048576 bits 

1 8-pin 

Plastic 

DIP 


-80L 

80 

(1048576x1) 

18-pin 

Ceramic 

DIP 


-10L 

100 


20-pin 

Plastic 

ZIP 


-12L 

120 


26-pin 

Plastic 

SOJ 

2-139 

MB81C1001 A-60 

60 

1048576 bits 

18-pin 

Plastic 

DIP 


-70 

70 

(1048576 x 1) 

18-pin 

Ceramic 

DIP 


-80 

80 


20-pin 

Plastic 

ZIP 


-10 

100 


24-pin 

Plastic 

FPT 





26-pin 

Plastic 

SOJ 

2-163 

MB80C1001 A-70L 

70 

1048576 bits 

18-pin 

Plastic 

DIP 


-80L 

80 

(1048576x1) 

18-pin 

Ceramic 

DIP 


-10L 

100 


20-pin 

Plastic 

ZIP 





24-pin 

Plastic 

FPT 





26-pin 

Plastic 

SOJ 

2-187 

MB81C4256-70 

70 

1048576 bits 

20-pin 

Plastic 

DIP, ZIP 


-80 

80 

(262144x4) 

20-pin 

Ceramic 

DIP 


-10 

100 


26-pin 

Plastic 

SOJ 


-12 

120 





2-211 

MB81C4256-70L 

70 

1048576 bits 

20-pin 

Plastic 

DIP, ZIP 


-80L 

80 

(262144x4) 

20-pin 

Ceramic 

DIP 


-10L 

100 


26-pin 

Plastic 

SOJ 


-12L 

120 
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CMOS DRAMs 


Dynamic RAM Data Book 


CMOS DRAMS — At a Glance (Continued) 


Page 

Device 

Maximum 
Access 
Time (ns) 

Capacity 

Package 

Options 


2-235 

MB8 1 C4256A-60 

60 

1048576 bits 

20-pin 

Plastic 

DIP, ZIP 


-70 

70 

(262144x4) 

20-pin 

Ceramic 

DIP 


-80 

80 


24-pin 

Plastic 

FPT 


-10 

100 


26-pin 

Plastic 

SOJ 

2-261 

MB81 C4256A-70L 

70 

1048576 bits 

20-pin 

Plastic 

DIP, ZIP 


-80L 

80 

(262144x4) 

20-pin 

Ceramic 

DIP 


-10L 

100 


24-pin 

Plastic 

FPT 





26-pin 

Plastic 

SOJ 

2-287 

MB81 4 100-80 

80 

4194304 bits 

18-pin 

Plastic 

DIP 


-10 

100 

(4194304 x 1) 

20-pin 

Plastic 

ZIP 


-12 

120 


26-pin 

Plastic 

SOJ 

2-307 

MB814100-80L 

80 

4194304 bits 

18-pin 

Plastic 

DIP 


-10L 

100 

(4194304 x 1) 

20-pin 

Plastic 

ZIP 


-12L 

120 


26-pin 

Plastic 

SOJ 

2-309 

MB814101-80 

80 

4194304 bits 

18-pin 

Plastic 

DIP 


-10 

100 

(4194304 X 1) 

20-pin 

Plastic 

ZIP 


-12 

120 


26-pin 

Plastic 

SOJ 

2-329 

MB814101-80L 

80 

4194304 bits 

18-pin 

Plastic 

DIP 


-10L 

100 

(4194304 x 1) 

20-pin 

Plastic 

ZIP 


-12L 

120 


26-pin 

Plastic 

SOJ 

2-331 

MB8 14400-80 

80 

4194304 bits 

20-pin 

Plastic 

DIP, ZIP 


-10 

100 

(1048576x4) 

26-pin 

Plastic 

SOJ 


-12 

120 





2-353 

MB814400-80L 

80 

4194304 bits 

20-pin 

Plastic 

DIP, ZIP 


-10L 

100 

(1048576x4) 

26- pin 

Plastic 

SOJ 


-12L 

120 
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January 1990 
Edition 3.0 


DATA SHEET 


FUJITSU 


MB8ICIOOO-70/-8O/-10/-12 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 

CMOS 1M x 1 Bit Fast Page Mode DRAM 

The Fujitsu MB81C1000 is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bit. The MB81C1000 has been designed for mainframe 
memories, buffer memories, and peripheral storage applications requiring high speed, 
low power dissipation, or compact layout. 

Fujitsu’s advanced three-dimensional stacked capacitor cell technology gives the 
MB81C1000 high a-ray soft error immunity. CMOS technology is used in the 
peripheral circuits to provide low power dissipation and high speed operation. 

This specification applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 

Features 


Parameter 

MB81C1000 

-70 

MB81C1000 

-80 

MB81C1000 

-10 

MB81C1000 

-12 

RAS Access Time 

70 ns max. 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

140 ns min. 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

43 ns max. 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

25 ns max. 

25 ns max. 

25 ns max. 

35 ns max. 

Fast Page Mode Cycle 
Time 

53 ns min. 

55 ns min. 

60 ns min. 

70 ns min. 

Low Power Dissipation 
• Operating Current 

413 mW 
max. 

385 mW 
max. 

330 mW 
max. 

275 mW 
max. 

• Standby Current 

11 mW max. (TTL level)/5.5 mW max. (CMOS level) 


1 ,048,576 words x 1 bit 
organization 

Silicon gate, CMOS, 3D-Stacked 

Capacitor Cell 

All input and output are TTL 

compatible 

512 refresh cycles every 8.2 ms 

Common I/O capability by using 
early write 


Absolute Maximum Ratings (See Note) 


• RAS only, CAS-before-RAS, or 
Hidden Refresh 

• Fast Page Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 


Parameter 


Value 

Unit 

Voltage at any pin relative to Vss 


-1 to +7 

V 

Voltage of Vcc supply relative to Vss 

Vcc 

-1 to +7 

V 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

°C 

Plastic 

-55 to +125 



DIP-1 8P-M04 



DIP-1 8C-A01 




LCC-26P-M04 



ZIP-20P-M02 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, ft 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 
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MB81 Cl 000-70 
MB81 Cl 000-80 
MB81C1 000-10 
MB81C1000-12 


Fig. 1 — MB81C1000 DYNAMIC RAM — BLOCK DIAGRAM 



CAPACITANCE (T a = 25°C, f = 1MHz) 


Parameter ' 

Symbol 

Typ III 

BIBMlillllll 

Unfit 

Input Capacitance, AO to A9, D iN 

C INI 

— 

5 

PF 

Input Capacitance, RAS, CAS, WE 

C|N2 

— 

5 

pF 

Output Capacitance, D out 

Cqut 

— 

5 

PF 
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MB81 Cl 000-70 
MB81 Cl 000-80 
MB81 Cl 000-10 
MB81 Cl 000-12 


PIN ASSIGNMENTS AND DESCRIPTIONS 


18-Pin DIP: 

(TOP VIEW) 


26-Pln SOJ: 

(TOP VIEW) 



L > 

1 

26 

2 

25 

3 

24 

4 

23 

5 

22 

9 

18 

10 

17 

11 

16 

12 

15 

13 

14 



CAS V ss WE TE NC. A •) 


/ 2 lH 4 ^ 6 “ 8 «"« 10H 12-“ 14 M 16“ 18^ 2 oH \ 

czxcLtrri-trciirniirTi-tTTiirTiJrciJTTiirTiiz^ 

\1«_! 3 !_! 5!_! 7!_! 9L-! 115-5 13‘— 151_J 17 U 19L* / 


RAS NC. A 0 


Designator 

Function 

din 

Data Input. 

DoUT 

Data Output. 

WE 

Write Enable. 

RAS 

Row address strobe. 

NC 

No connection. 

A0 to A9 

Address inputs. 

VCC 

+5 volt power supply. 

TE 

Test Enable (will be available). 

CAS 

Column address strobe. 

VSS 

Circuit ground. 





























MB81 Cl 000-70 
MB81 Cl 000-80 
MB81C1 000-10 
MB81C1 000-12 


FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one of 1 ,048,576 ceil addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separately strobed by CAS and RA5 as shown in Figure 1 . First, nine row address bits are input on pins A0-through-A9 
and latched with the row address strobe (RES ) then, ten column address bits are input and latched with the column address strobe('CAS )• Both row 
and column addresses must be stable on or before the falling edge of CAS and RAS , respectively. The address latches are of the flow-through type; 
thus, address information appearing after tRAH (min)+ tr is automatically treated as the column address. 


WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 


DATA INPUT 

Data is written into the MB8 1 C 1 000 during write or read-modify-write cycle. The input data is strobed and latched by the later falling edge ofCAS or 
WE . In an early write cycle, data input is strobed by"CA5 , and set up and hold times are referenced to CAS . In a delayed write or read-modify-write 
cycle, WE is set low after 72AS . Thus, data input is strobed by WE , and set up and hold times are referenced to WE . 


DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

tRAC : from the falling edge of TEAS when tRco (max) is satisfied. 

tCAC : from the falling edge of CAS when tRCD is greater than tRCD , tRAO (max). 

tAA : from column address input when tRAD is greater then tRAD (max). 
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DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 


MB81 Cl 000-70 
MB81 Cl 000-80 
MB81 Cl 000-10 
MB81C1000-12 


Notes J Symbol 


Output high voltage 

V OH 

Output low voltage 

V OL 

Input leakage current 

(any input) 

1 KL) 

Output leakage current 

1 0(L) 


MB81 Cl 000-70 


Operating current 
(Average power . — . 
supply current) 1 £ 1 

MB81C1000-80 

O 

o 

MB81C1000-10 


MB81C1000-12 


Standby current 

TTL level 

1 rtf' 

(Power supply 
current) 

CMOS level 

2 


MB81C1 000-70 


Refresh current 

MB81 Cl 000-80 

ICC 3 

#1 (Average power 
supply current) | 2| 

MB81C1000-10 

MB81C1000-12 



MB81 Cl 000-70 


Fast Page Mode 

MB81C1000-80 


current j-^-j 

MB81C1000-10 

ICC 4 


MB81C1000-12 



MBS 1C 1000-70 


Refresh current 
#2 (Average power 
supply current) 1 2 | 

MB81C1000-80 

ICC 5 

MB81C1000-10 

1 1 

MB81 Cl 000-1 2 



Condition* 


IOH = -5 mA 


IOL = 4.2 mA 


0V < VIN < 5.5V; 
4.5V < VCC < 5.5V; 
VSS=0V;AII other pins 
not under test *0V 


0V ^ VOUT £ 5.5V; 
Data out disabled 


RAS & CAS cycling; 
Irc = m i n 


mS=CAS > VCC-0.2V 


CAS=VIH, RAS 
cycling; t RC = min 


RAS = VIL, CAS 
cycling; tpc = min 


RAS cycling ; 
CA^-before-AAS; 
t pc = min 















































































MB81 Cl 000-70 
MB81 Cl 000-80 
MB81 Cl 000-10 
MB81 Cl 000-12 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 







































































































































































































MB81 Cl 000-70 
MB81 Cl 000-80 
MB81 Cl 000-10 
MB81C1000-12 


AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


Nor 

Parameter 

Notes 

Symbol 

MB81C1 006-70 

MB81C1 000-80 

MB81C1000T10 


:#t 

iiiiii 


lllfl! 

liii! 



iiil 

Max 

BBI 

RAS to WE Delay Time 

liill 

t RWD 

70 

- 

80 

— 

100 

- 

120 

- 

ns 


CAS to WE Delay Time 

nri 

t CWD 

25 

— 

25 

— 

25 

__ 

35 

— 

ns 

m 

Column Address to WE Delay Time | 15 \ 

t AWD 

43 

— 

45 

— 

50 

— 

60 

— 

ns 

m 

RAS Precharge Time to CAS 

Active Time (Refresh Cycles) 

t RPC 

0 

- 

0 

- 

0 

n 

0 

- 

ns 


CAS Set Up Time for CAS-before 
-"RAS Refresh 

t CSR 

0 

- 


- 

0 

- 

0 

- 

ns 

B 

CAS Hold Time for CAS-before 
-RAS Refresh 

t CHR 

15 

- 

15 

- 

15 

- 

20 

- 

ns 

n 

Access Time from CAS 
(Counter Test Cycle) 

t CAT 

- 

43 

- 

45 

- 

50 

- 

60 

ns 

50 

Fast Page Mode Read/Write 

Cycle Time 

t PC 

53 

- 

55 

- 

60 

- 

70 

- 

ns 

B 

Fast Page Mode Read-Modify- 
Write Cycle Time 

t PRWC 

75 

- 

77 

- 

85 

- 

100 

- 

ns 

B 

Access Time from CAS 

Precharge 

1 9,161 

t CPA 

- 

53 

- 

55 

- 

60 

— 

70 

ns 


Fast Page Mode CAS 

Precharge Time 

t CP 

10 

- 

10 

- 

10 

- 

15 

- 

ns 


Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc de pends on the number of address change as HAS = Vil and 
6aS = Vih. 

Icci , Iceland Ices are s pecifi ed at three time of address change 
during RAS = Vil and CAS = Vih. 

Icc4 i s spe cified at one time of address change during RAS = Vil 
and CAS = Vih. 

3. An Initial pause (RAS =CAS = VIH) of 200|!s is required after 
power-up followed by any eight RAS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimu m of eight CAS -before- RaS initialization 
cycles instead of 8 RAS cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRCD^ tRCD (max), tRAD^ tRAD (max). If tRcD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD> tRCD (max), tRAD > tRAD (max), and tASC > tAA - tCAC - 
t t , access time is tcAC . 

8. If tRAD ^ tRAD (max) and tASC < tAA - tcAC - 1 t , access time is 
tAA . 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 

impedance state. 


1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by Icac or tAA . 

12. tRco (min) = tRAH (min)+ 2tT + tAsc (min). 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAC or t aa . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wes , t cwd , t.Rwo and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 
characteristic only. If twes > t wes (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 
thoughout the entire cycle. If t cwd > t cwd (min), t rwd > t 
rwd (min) , and t awd > t awd (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin , and write operation can be exected by satisfying tawL , t 
cwl , and tRAL specifications. 

16 tcPA is access time from th e selec tion of a new column address 
(that is caused by changing CAS from “L" to “H"). Therefore, if 
tep is long, tc PA is longer th an tcP A (max). 

1 7. Assumes that CAS -before- RAS refresh, CAS -before- RAS 
refresh counter test cycle only. 
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MB81 Cl 000-70 
MB81 Cl 000-80 
MB81 Cl 000-10 
MB81C1000-12 


Fig. 2 - tR AC v*. Ircd Fig. 3 - Ir AC vs. t^p 




20 40 60 80 100 120 

{ RCD ( ns ) 


FUNCTIONAL TRUTH TABLE 


Operation Diode 


Address Input;;! 

Dels 

Refresh 

• Note 

§111 

USUI 

E!3 


Column 

lllllll 


Standby 

H 

H 

BB 

- 

- 

- 

High-Z 

- 


Read Cycle 

D 

fl 

H 

Valid 

Valid 

- 

Valid 

*1 

Yes 

t RCS ^ t rcs ( min ) 

Write Cycle 
(Early Write) 

L 

L 

L 

Valid 

Valid 

Valid 

High-Z 

Yes M 

twcs* twcs(min) 

Read-Modify-Write 

Cycle 

L 

L 

H — > L 

Valid 

Valid 

X-» 

Valid 

Valid 

Yes 

t CWD * t CWD ( mir 0 

RAS-only 

Refresh Cycle 

L 

H 

X 

Valid 

- 

- 

High-Z 

Yes 


CAS-before-RAS 

Refresh Cycle 

L 

B 

B 

- 

- 

- 

High-Z 

Yes 

t CSR ^ t CSR ( min ) 

Hidden Refresh 

Cycle 

H — > L 

L 

X 

B 

- 

- 

Valid 

Yes 

Previous data is 
kept 


Notes: 

X: “H" or “L” 

*1 : It is impossible in Fast Page Mode. 
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MB81 Cl 000-70 
MB81 Cl 000-80 
MB81 Cl 000-10 
MB81C1000-12 


A n toA Q V,H 

0 9 w _ 


Fig. 4 - READ CYCLE 


b-4 


COLUMN ADD 



DESCRIPTION 

The read cy cle is exe cuted by keeping both RAS and CAS “L" and keeping WE “ H" throug hout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectively. The data output remains valid with CAS “L", ie. , if CAS goes "H" , the data becom es inv alid after tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 
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MB81 Cl 000-70 
MB81 Cl 000-80 
MB81 Cl 000-10 
MB81C1000-12 



Fig. 5 - WRITE CYCLE ( Early Write ) 



-H-orf 

DESCRIPTION 

The write cycle is exe cuted by the same manner as read cycle except for the state of WE and DIN pins. The data on DIN pin idatched with the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied with the 
specifications. 
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MB81 Cl 000-70 
MB81 Cl 000-80 
MB81 Cl 000-10 
MB81C1000-12 


Fig. 6 - READ WRITE/READ-MODIFY-WRITE CYCLE 




m 







^COLUMN ADDRES^ 

cs i 

U tCWD 


Dout Voh- 
VOL- 




tRAC 

■ HIGH-Z— 


DESCRIPTION 

The read-modify-write cycle Is executed by changing WE from “H" to “L" after the data appears on the DOUT pin. 
After the current data is read out, modified data can be rewritten into the same address quickly. 






MB81 Cl 000-70 
MB81 Cl 000-80 
MB81 Cl 000-10 
MB81C1000-12 


Fig. 7 - FAST PAGE MODE READ CYCLE 



I | 


DESCRIPTION 

The fast page mode read cycle is executed afte r norm al c ycle w ith holding RAS “L", applying column address and CAS, and keeping WE “H" . 
Once an address is select ed no rmally using the RAS and CAS, other addresses in the same row can be selected by only changing the column 
address and applying the CAS. During fast page mode, the access time is tCAC, tAA, or tCPA, whichever occurs later. 

Any of the 1024 bits belonging to each row can be accessed. 


2-14 



MB81 Cl 000-70 
MB81 Cl 000-80 
MB81 Cl 000-10 
MB81C1000-12 


Fig. 8 - FAST PAGE MODE WRITE CYCLE ( Early Write ) 



v i»- 

CAS V| 


— V,, 

WE V„ 


‘ASC | 1 ASC 


A to A V|H_ i\^sf¥oo? 

o 9 v / ADD \ A ADD 



‘vvcaJ-h^l 

I I C ^ L nT 1 cwl "i u rr t r. wl ~ *■ 



Dout ^ oh 

V™ — 


DESCRIPTION 

The fast page mode write cycle is executed by the sa me m anner as fast page mode read cycle except for the state of WE. 

The data on DIN pin is latched with the falling edge of CAS and written into the memory. During fast page mode write cycle, tCWL must be 
satisfied. Any of the 1024 bits belonging to each row can be accessed. 
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Fig. 9 - FAST PAGE MODE READ-MOD IF Y-WRITE CYCLE 



During fast page mode, the read-fnodify-write cycle can be executed by changing WE high to low after the data appearsat DOUT pin as well 
as normal cycle. Any of the 1024 bits belonging to each row can be accessed. 
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Fig. 10 - raS-only refresh cycle 
NOTE: A9, WE, DIN = “ H ” or “ L ” 



Refresh of RAM memory cells is accomplished by perf ormin g a read, a writ e, or a read- mod ify-write cycleat each of 51 2 row addresses every 
8.2-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 


RAS-only refresh is performed by keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of "RES. During RAS-only refresh, Dout pin is kept in a high-impedance state. 


Fig. 11 - CA5-BEFORE-RA3 refresh cycle 
NOTE: A0 to A9, WE, DIN = “ H ” or “ L ” 



DESCRIPTION 

CAS-before-RAS refresh is an on -chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (toSR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
tAS-before-RAS refresh operation. 
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Fig. 13- HIDDEN REFRESH CYCLE 



n H » 

DESCRIPTION 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of CAS and cycling 
RAS. The refresh row address is provi ded b y the on -chip refresh address counter. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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PACKAGE DIMENSIONS 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -Cl 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER 


(CASE No.: LCC-26P-M04) 




NOTE: 1. • : This dimension includes resin protrusion. (Each side: .006(0. 15)MAXI 


Details of "A" part 


2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package. 


<61989 FUJITSU LIMITED C26054S-1C 


Dimensions in 
inches (millimeters) 
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Edition 1.0 


DATA SHEET 


FUJITSU 


MB81C1000-70U-80U-10L/-12L 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 


CMOS 1M x 1 Bit Fast Page Mode DRAM 

The Fujitsu MB81C1000 is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bit. The MB81C1000 has been designed for mainframe 
memories, buffer memories, peripheral storage and memory systems of battery 
operated computers requiring very low power dissipation. 

Fujitsu’s advanced three-dimensional stacked capacitor cell technology gives the 
MB81C1000 high a-ray soft error immunity and extended refresh time. CMOS 
technology is used in the peripheral circuits to provide low power dissipation and high 
speed operation. 


This specification applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 

Features 


Parameter 

MB81C1000 
*70 L 

MB81C1000 

*80L 

MB81C1000 

-10L 

MB81C1000 

-12L 

RAS Access Time 

70 ns max. 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

140 ns min. 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

43 ns max. 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

25 ns max. 

25 ns max. 

25 ns max. 

35 ns max. 

Fast Page Mode 

Cycle Time 

53 ns min. 

55 ns min. 

60 ns min. 

70 ns min. 

Low Power Dissipation 
• Operating Current 

396 mW 
max. 

358 mW 
max. 

303 mW 
max. 

259 mW 
max. 

• Standby Current 

8.3 mW max. (TTL level)/1.4 mW max. (CMOS level) 


• 1 ,048,576 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 64 ms 

• Common I/O capability by using 
early write 


RAS only, CAS-before-RAS, or 
Hidden Refresh 

Fast Page Mode, Read-Modify-Write 
capability 

On-chip substrate bias generator for 
high performance 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V,n.V 0 ut 

-1 to +7 

HDH 

Voltage of Vcc supply relative to V S s 

Vcc 

-1 to +7 

■OH 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

B 

Plastic 

-55 to +125 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics. Inc. 



This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 
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Fig. 1 — MB81C1000 DYNAMIC RAM— BLOCK DIAGRAM 



CAPACITANCE (T a = 25°C, f=1MHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance, AO to A9, D iN 

C IN1 

— 

5 

PF 

Input Capacitance, RAS, CAS, WE 

| 

— 

5 

PF 

Output Capacitance, D out 

Gout 

— 

5 

PF 
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PIN ASSIGNMENTS AND DESCRIPTIONS 


18-Pln DIP: 

(TOP VIEW) 



CAS V ss WE TE 


/ 2 4F! cHF? ToH 14“ “ 1 8 *~ • 20 H \ 

czTTLtrtiirciiTTiJrtiirTiirTJLt Li:rcutn:i-b3 

\ 1!_! 3 !_! 5LJ 7LJ 9!_i 11 !_' 131J 15 17 LJ 1 9 1_J / 


RAS NC. A 0 



Designator 

Function 

Din 

Data Input. 

DOUT 

Data Output. 

WE 

Write Enable. 

RAS 

Row address strobe. ! 

NC 

No connection. 

AO to A9 

Address inputs. 

VCC 

+5 volt power supply. 

TE 

Test Enable (will be available). 

CAS 

Column address strobe. 

VSS 

Circuit ground. 


RECOMMENDED OPERATING CONDITIONS 


!V Parameter " • • Notes 

Symbol 

Min 

Typ 

Max 

Unit 

Ambient 
Operating Temp 

Supply Voltage | 1 ] 

Vcc 

4.5 

5.0 

5.5 

V 

0 °C to +70 °C 

Yss 

0 

0 

0 

Input High Voltage, all inputs | 1 1 

VIH 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs | 1 | 

VIL 

-2.0 

- 

0.8 

V 
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FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one of 1 ,048,576 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separately strobed by CAS and HAS as shown in Figure 1 . First, nine row address bits are input on pins A0-through-A9 
and latched with the row address strobe (HAS ) then, ten column address bits are input and latched with the column address strobe(£AS ). Both row 
and column addresses must be stable on or before the falling edge of CAS and "RAS , respectively. The address latches are of the flow-through type; 
thus, address information appearing after tRAH (min)+ tt is automatically treated as the column address. 


WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 


DATA INPUT 

Data is written into the MB81C1000 during write or read-modify-write cycle. The input data is strobed and latched by the later falling edge ofCAS or 
*WE . In an early write cycle, data input is strobed by^AS , and set up and hold times are referenced to-CAS . In a delayed write or read-modify-write 
cycle, “WE is set low after *CA3 . Thus, data input is strobed by "WE , and set up and hold times are referenced to WE . 


DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

tRAC : from the falling edge of RAS when tRCD (max) is satisfied. 

tCAC : from the falling edge of CA§ when Ircd is greater than tRCD, tRAD (max). 

tAA : from column address input when tRAD is greater then tRAD (max). 
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DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) Notes 3 


; : : Parameter ff|J; ;f??J Note* | 

Symbol 

Conditions 

Values 

Unlit 

I! ■ ' Min | : 

Typ 

Max 

Output high voltage 

V OH 

IOH =^5mA 

2.4 

— 

— 

V 

Output low voltage 

V 

IOL = 4.2 mA 

— 

— 

0.4 

Input leakage current (any input) 

1 KL) 

0V < VIN < 5.5V; 

4.5V < VCC < 5.5V; 
VSS=0V;AII other pins 
not under test =0V 

-10 

- 

10 

M-A 

Output leakage current 

1 O(L) 

0V < VOUT < 5.5V; 
Data out disabled 

-10 

- 

10 

Operating current 
(Average power | — . 
supply current) 1 2 { 

MB81C1000-70L 

ICCi 

RAS & CAS cycling; 
t RC = min 

- 

- 

72 

mA 

MB81C1000-80L 

65 

MB81 Cl 000-1 0L 

55 

MB81C1000-12L 

47 

Standby current 
(Power supply 
current) 

TTL level 

ICC 2 

RAS=CAS=VIH 

- 

- 

1.5 

mA 

CMOS level 

RAS = CAS > VCC-0.2V 

250 

4 a 

Refresh current 
#1 (Average power 
supply current) | 2 | 

MB81C1000-70L 

ICC 3 

CAS=VIH, RAS 
cycling; t RC = min 

- 

- 

60 

mA 

MB81C1000-80L 

56 

MB81C1000-10L 

50 

MB81C1000-12L 

45 

Fast Page Mode 
current 

MB81C1000-70L 

ICC 4 

RAS = VIL, CAS 
cycling; tpc = min 

- 

- 

39 

mA 

MB81 Cl 000-80 L 

37 

MB81C1000-10L 

33 

MB81C1 000-1 2L 

28 

Refresh current 
#2 (Average power 
supply current) j 2 | 

MB81C1000-70L 

ICC 5 

RAS cycling ; 

CAS— before— RAS; 
t rc = min 

- 

- 

60 

mA 

MB81C1000-80L 

56 

MB81 Cl 000-1 0L 

50 

MB81C1 000-1 2L 

45 

Battery Back up 
current 

(Average power 
supply current) 

MB81C1000-70L 

MB81C1000-80L 

MB81 Cl 000-1 0L 

MB8 1 Cl 000-1 2L 

ICC 6 

RAS cycling ; 

CAS-before-RAS ; 
t rc =125 JJs, tRAS =min. 
to 1 jjs, DouT=open. 
Other pin > Vcc-0.2V or 
< 0.2V 

- 

- 

250 

M.A 
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AC CHARACTERISTICS 


(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


MB81C1000-70L M881C1000-80L MB81C1000-10L MB81CKHHM2L 


Parameter Notes Symbol 


Time Between Refresh 


Random Read/Write Cycle Time 


Read-Modify-Write Cycle Time 


Access Time from RAS 


Access Time from CAS 


Column Address Access Time 1 8,9 1 


Output Hold Time 


Output Buffer Turn on Delay Time t 0N 


Output Buffer Turn off Delay Time DO Wf 


Transition Time 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


CAS to RAS Precharge Time 


RAS to CAS Delay Time ll 1~1 2) 


CAS Precharge Time (C-B-R cycle d 17~1 





Column Address Set Up Time 


Column Address Hold Time 


RAS to Column Address Delay Time l 13 ~1 t 


Column Address to RAS Lead Time 


Read Command Set Up Time 


Read Comma nd Ho ld Time 
Referenced to RAS 


Read Comma nd Ho ld Time 
27 Referenced to CAS 


Write Command Set Up Time 


Write Command Hold Time 


WE Pulse Width 


BBSS! 


Write Command to CAS Lead Time 


DIN Set Up Time 


DIN Hold Time 
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AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


IPs 

Parameter 

Notes 

Symbol 

MB&1C1000-70L 

MB8iClO00~$Ot 

MB81C1000-10L 

MB81C1 

H 


Min 

lllll 

1111! 

Max 

Ipirt ; 

Max 

111! 

Max | 


|Q| 

RAS to WE Delay Time 

1 15 1 

m 

70 

- 

80 

- 

100 

- 

120 

- 

ns 

|Q| 

CAS to WE Delay Time 

nn 


25 

— 

25 

— 

25 

— 

35 

— 

ns 

37 

Column Address to WE Delay Time j 15 1 

* AWD 

43 

— 

45 

— 

50 

— 

60 

— 

ns 

38 

RAS Precharge Time to CAS 

Active Time (Refresh Cycles) 

t RPC 

0 

- 

0 

- 

0 

- 

S3 

- 

ns 

39 

CAS Set Up Time for CAS-before 
-RAS Refresh 

t CSR 

0 

n 

0 

B 

0 

- 

B 

- 

ns 

40 

CAS Hold Time for CAS-before 
-RAS Refresh 

t CHR 

15 

- 

15 

- 

15 

- 

20 

- 

ns 

41 

Access Time from CAS 
(Counter Test Cycle) 

t CAT 

- 

43 

- 

45 

- 

50 

- 

60 

ns 

50 

Fast Page Mode Read/Write 

Cycle Time 

t PC 

53 

- 

55 

- 

60 

- 

70 

- 

ns 

51 

Fast Page Mode Read-Modify- 
Write Cycle Time 

t PRWC 

75 

- 

77 

- 

85 

- 

100 

- 

ns 

52 

Access Time from CAS 

Precharge 

l9,16l 

t CPA 

- 

53 

— 

55 

- 

60 

— 

70 

ns 

53 

Fast Page Mode CAS 

Precharge Time 

t CP 

10 

- 

10 

- 

10 

- 

15 

- 

ns 


Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc de pends on the number of address change as RAS = Vil and 
CAS = Vih. 

Icci , Ic c3 and Ices are s pecifi ed at three time of address change 
during RaS = Vil and CAS = Vih. 

Icc4 i s spe cified at one time of address change during RAS = Vil 
and CAS = Vih. 

3. An Initial pause (RAS = CA5 = VIH) of 200fls is required after 
power-up followed by any eight RAS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimu m of eight 15A5 -before- RAS initialization 
cycles instead of 8 RaS cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRCD^ tRCD (max), tRAD^ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD > tRCD (max), tRAD > tRAD (max), and tASC > tAA - tCAC - 
t t , access time is tCAC . 

8. If tRAD > tRAD (max) and tASC < tAA - tCAC - 1 t , access time is 
tAA . 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 

impedance state. 


1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tCAC or t aa . 

12. tRCD (min) = tRAH (min)+ 2tT + tAsc (min). 

13. Operation witlO.toFF and toEZ is specified that output buffer 
change to high impedance state. hin the tRAD (max) limit ensures 
that tRAC (max) can be met. tRAD (max) is specified as a 
reference point only; if tRAD is greater than the specified tRAD 
(max) limit, access time is controlled exclusively by fcAC or t aa . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wcs , t cwd , t.RWD and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 
characteristic only. If twcs > t wcs (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 
thoughout the entire cycle. If t cwd > t cwd (min), t rwd > t 
rwd (min) , and t awd > t awd (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin , and write operation can be exected by satisfying fcwL , t 
cwl , and tRAL specifications. 

1 6 tcPA is access time from th e selec tion of a new column address 
(that is caused by changing CAS from “L” to “H”). Therefore, if 
tcp is long, tc PA is longer th an Icp a (max). 

1 7. Assumes that CAS -before— RAS refresh, CAS -before—RAS 
refresh counter test cycle only. 
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F«g*2-tRAC V8.t RCD 



1 RCD ( ns ) 


Fig-3-tRAc vs. t RAD 



1 RAD ( nS ) 


FUNCTIONAL TRUTH TABLE 


. Operation Mod* 

Clock Input ; 

/ : Address Input 

Data ' : '-V 

Refresh 

Note 


KiiiM 

Gil 

""Row.:;' 

Column 

Input 

Output 

Standby 

H 

H 

MM 

- 

- 

- 

High-Z 

- 


Read Cyde 

B 

D 

H 

Valid 

Valid 

- 

Valid 

*1 

Yes 

t RCS ^ t RCS ( m i n ) 

Write Cyde 
(Early Write) 

L 

L 

L 

Valid 

Valid 

Valid 

High-Z 

Yes M 

t WCS^ t wcs( m i n ) 

Read-Modify-Write 

Cyde 

L 

L 

H — > L 

Valid 

Valid 

X-» 

Valid 

Valid 

Yes *1 

t CWD ^ t CWD ( min ) 

RAS-only 

Refresh Cyde 

L 

H 

X 

Valid 

- 

- 

High-Z 

Yes 


CAS-before-RAS 

Refresh Cyde 

L 

L 

X 

- 

- 

- 

High-Z 

Yes 

t CSR ^ t CSR ( min ) 

Hidden Refresh 

Cycle 

H — > L 

L 

X 

- 

- 

- 

Valid 

Yes 

Previous data is 
kept 


Notes: 

X : “H" or “L” 

*1 : It is impossible in Fast Page Mode. 
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Fig. 4 -READ CYCLE 




DESCRIPTION 

The read cy cle is exe cuted by keeping both RAS and CAS “L” and keeping WE “ H" throug hout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectively. The data output re main s valid with CAS “L”, ie. , if CAS goes “H” , the data beco m es inv alid after tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 
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Fig. 6 - READ WRITE/READ-MODIFY-WRITE CYCLE 




DESCRIPTION 

The read-modify-write cycle is executed by changing WE from “H" to “L” after the data appears on the DOUT pin. 
After the current data is read out, modified data can be rewritten into the same address quickly. 
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Fig. 7 - FAST PAGE MODE READ CYCLE 



DESCRIPTION 

The fast page mode read cycle is executed after norm al c ycle with holding RAS “L", applying column address and CAS, and keeping WE "H” . 
Once an address is select ed no rmally using the RAS and CAS, other addresses in the same row can be selected by only changing the column 
address and applying the CAS. During fast page mode, the access time is tCAC, tAA, or tC PA, whichever occurs later. 

Any of the 1024 bits belonging to each row can be accessed. 
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Fig. 9 - FAST PAGE MODE READ-M0D1FY-WRITE CYCLE 


WE Vih— 
VlL— 


Di N Vih— 
Vil— • 



ROW COLUMN 

ADDR. ADDRESS * 


U II 



tRAC ►! 

\+— tAA -A 



t0FF . tCAC I tOFF 


tON 1 tOH tON 



"/'V| Invalid Data 


DESCRIPTION 

During fast page mode, the read-modify-write cycle can be executed by changing WE high to low after the data appearsat DOUT pin as well 
as normal cycle. Any of the 1024 bits belonging to each row can be accessed. 
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Fig. io-raS-only refresh cycle 

NOTE: A9, WE, DIN = “ H ” or “ L ” 



Refresh of RAM memory cells is accomplished by perf ormin g a read, a wri te, or a read- mod ify-write cycleat each of 51 2 row addresses every 
64-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refresh is performed by keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of HAS. During AAS-only refresh, Dout pin is kept in a high-impedance state. 


Fig. 11 - CA5-BEFORE-RA5 REFRESH CYCLE 
NOTE: A0 to A9, WE, DIN = “ H ” or “ L ” 



DESCRIPTION 

CAS-before-RAS refresh is an on -chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (tcsR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
6AS-before-ftAS refresh operation. 
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Fig. 13 - HIDDEN REFRESH CYCLE 



DESCRIPTION 


■ 


A hidden refresh cycle may be performed while maintaining the latest vaiid data at the output by extending the active time of CAS and cycling 
RA3. The refresh row address is provi ded b y the on -chip refresh address counter. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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PACKAGE DIMENSIONS 

(Suffix: -P) 


18-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-I8P-M04) 




2-42 



MB81 Cl 000-70 L 
MB81 Cl 000-80L 
MB81 Cl 000-1 0L 
MB81 Cl 000-1 2L 


PACKAGE DIMENSIONS (Continued) 

(Suffix: -C) 


18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-18C-A01) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER 



2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package. 

Dimensions in 

©1989 FUJITSU LIMITED C26054S-1C inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PSZ) 
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CMOS DRAMs 


Dynamic RAM Data Book 
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November 1990 
Edition 3.0 


DATA SHEET 


FUJITSU 


MB8ICIOOOA-6O/-70/-8O/-10 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 


CMOS 1M x 1 Bit Fast Page Mode DRAM 

The Fujitsu MB81C1000A is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bit. The MB81C1000A has been designed for mainframe 
memories, buffer memories, and peripheral storage applications requiring high speed, 
low power dissipation, or compact layout. 

Fujitsu’s advanced three-dimensional stacked capacitor cell technology gives the 
MB81C1000A high a-ray soft error immunity. CMOS technology is used in the 
peripheral circuits to provide low power dissipation and high speed operation. 


Features 


Parameter 

MB81C1000A 

MB81C1000A 

MB81C1000A 

MB81C1000A 


-60 

-70 

-80 

-10 

RAS Access Time 

60 ns max. 

70 ns max. 

80 ns max. 

100 ns max. 

Random Cycle Time 

130 ns min. 

1 40 ns min. 

155 ns min. 

1 80 ns min. 

Address Access Time 

30 ns max. 

35 ns max. 

40 ns max. 

50 ns max. 

CAS Access Time 

15 ns max. 

20 ns max. 

20 ns max. 

25 ns max. 

Fast Page Mode 

Cycle Time 

45 ns min. 

50 ns min. 

55 ns min. 

65 ns min. 

Low Power Dissipation 
• Operating Current 

407 mW max. 

374 mW max. 

341 mW max. 

297 mW max. 

• Standby Current 

11 mW max. (TTL level)/5.5 mW max. (CMOS level) 


• 1 ,048,576 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 8.2 ms 

• Common I/O capability by using 
early write 


RAS only, CAS-before-RAS, or 
Hidden Refresh 

Fast Page Mode, Read-Modify-Write 
capability 

On-chip substrate bias generator for 
high performance 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 

■ 

Voltage at any pin relative to Vss 

V|N. V 0 UT 

-1 to +7 

V 

Voltage of Vcc supply relative to V S s 

Vcc 

-1 to +7 

V 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

°C 

Plastic 

-55 to +125 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 



*FPT-24P-M04 /*FPT-24P-M05 

*: Available for 70/80/1 00ns versions 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 
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MB81C1000A-60 
MB81C1000A-70 
MB81 Cl 000A-80 
MB81C1000A-10 


Fig. 1 — MB81C1000A DYNAMIC RAM— BLOCK DIAGRAM 



CAPACITANCE (T a = 25°C, f = 1 MHz) 


Parameter llllllll 

Symbol .. . 

Ty*> 

Max 

Unit 

Input Capacitance, AO to A9, D jN 

C|N1 

— 

5 

pF 

Input Capacitance, RAS, CAS, WE 

C|N2 

— 

5 

pF 

Output Capacitance, D out 

C OUT 

— 

6 

pF 
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PIN ASSIGNMENTS AND DESCRIPTIONS 


18-Pin DIP: 

(TOP VIEW) 


26-Pin SOJ: 

(TOP VIEW) 


24-Pin FPT : 

(TOP VIEW) 



din [ i 
we C 2 

RAS L 3 
TE C 4 
NC. C 5 


A 0 
A 1 
A 2 
A 3 


C 9 

C 10 
C ii 
C 12 

c hi 


Designator •'! 

Function 

Din 

Data Input. 

Dout 

Data Output. 

WE 

Write Enable. 

RAS 

Row address strobe. 

NC 

No connection. 

AO to A9 

Address inputs. 

VCC 

+5 volt power supply. 

TE 

Test Enable (will be available). 

CAS 

Column address strobe. 

VSS 

Circuit ground. 


26 

25 

24 

23 

22 


] V ss 

] DOUT 
3 CAS 
] NC. 

3 Ag 


18 

17 

16 

15 

14 


3 A 8 
1 a 7 

3 A 6 

3 A 5 
3 A 4 


<Normal Bend : FPT-24P-M04> 



<Reverse Bend : FPT-24P-M05> 



20-Pin ZIP: 

(TOP VIEW) 


•• i - 3 "4 ” 6 '’8 

f 2 F? IF! isF! al^i ioF! 12“ 14 “ i£F! TiFf 2oFj \ 

czTTiJrTi^rniJTTi-trTiJtrii-tTTi-trTiirTi-trTiiz^ 

\1U 3 1_J 5LJ 7)J 9'_i HU 13j-i 15j_i 17!_! 19'_J / 


A 9 °OUT 


RECOMMENDED OPERATING CONDITIONS 


Parameter Notes 

Symbol 

j Min . 

Typ 

Max 

Unit 

Ambient 
Operating Temp 

Supply Voltage | 1 j 

Vcc 

4.5 

5.0 

5.5 

V 

0 °C to +70 °C 

V ss 

0 

0 

0 

Input High Voltage, all inputs | 1 1 

VIH 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs | 1 | 

VIL 

-2.0 

- 

0.8 

V 
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FUNCTIONAL OPERATION 

ADDRESS INPUTS 


Twenty input bits are required to decode any one of 1 ,048,576 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separately strobed by CAS and RAS as shown in Figure 1 . First, nine row address bits are input on pins A0-through-A9 
and latched with the row address strobe (RA3 ) then, ten column address bits are input and latched with the column address strobe(CA5 ). Both row 
and column addresses must be stable on or before the falling edge of CAS and RAS , respectively. The address latches are of the flow-through type; 
thus, address information appearing after tRAH (min)+ tj is automatically treated as the column address. 


WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 


DATA INPUT 


Data is written into the MB81 C 1 000A during write or read-modify-write cycle. The inputdata is strobed and latched by the later falling edge ofcAS or 
WE . In an early write cycle, data input is strobed by"CA5 , and set up and hold times are referenced to'CES . In a delayed write or read-modify-write 
cycle, WE is set low after CAS . Thus, data input is strobed by WE , and set up and hold times are referenced to WE. 


DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

tRAC : from the falling edge of RAS when tRCD (max) is satisfied. 

tCAC : from the falling edge of CAS when tRCD is greater than tRCD , tRAD (max). 

tAA : from column address input when tRAD is greater then tRAD (max). 
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MB81 Cl 000A-70 
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DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) Notes 3 


Parameter . ■ Notes 

mKm 

Conditions 

. f Vofoos;- ||||||||i||||| 

Unit 


■9 

Wax 

Output high voltage 

< 

o 

X 

IOH =-5mA 

2.4 

— 

— 

V 

Output low voltage 

VOL 

IOL = 4.2 mA 

— 

— 

0.4 

Input leakage current (any input) 

1 l(L) 

OV < VIN < 5.5V; 

4.5 V < VCC < 5.5V; 
VSS=OV;AII other pins 
not under test =0V 

-10 

- 

10 

pA 

Output leakage current 

•Od) 

OV < VOUT < 5.5V; 
Data out disabled 

-10 

- 

10 

Operating current 
(Average power . — . 
supply current) 1 2 1 

MB81C1000A-60 

ICCt 

RAS & CAS cycling; 
t RC = min 

- 

- 

74 

mA 

MB81C1000A-70 

68 

MB81C1000A-80 

62 

MB81C1000A-10 

54 

Standby current 
(Power supply 
current) 

TTL level 

ICC 2 

RAS==CAS=VIH 

- 

- 

2.0 

mA 

CMOS level 

RAS = CAS > VCC-0.2V 

1.0 

Refresh current 
#1 (Average power 
supply current) | 2 | 

MB81C1000A-60 

ICC 3 

CAS=VIH, RAS 
cycling; t RC = min 

- 

- 

74 

mA 

MB81C1000A-70 

68 

MB81C1000A-80 

62 

MB81C1000A-10 

54 

Fast Page Mode 
current p^j 

MB81C1000A-60 

ICC 4 

RAS = VIL, CAS 
cycling; tp C = min 

- 

- 

60 

mA 

M B8 1 C 1 000A-70 

55 

MB81C1000A-80 

50 

MB81C1000A-10 

43 

Refresh current 
#2 (Average power 
supply current) | g | 

MB81C1000A-60 

ICC 5 

RAS cycling ; 

C AS-before-RAS ; 
t rc = min 

- 

- 

74 

mA 

MB8 1 C 1 000A-70 

68 

MB81C1000A-80 

62 

MB81C1000A-10 

54 
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AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


MB81C1000A-60 MB81C1000A-70 MB81C1000A-80 MB81C1000A-10 
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AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


no: 

Parameter 

Notes 


M881C1000A-60 

MB81C1000A-70 

MB81C1000A-80 

MB81 Cl 000/Pi 0 

Unit 

Min 

••-• Max' 

Min 

Max 

Min 

Max 

Min ! 

• : Max 

35 

RAS to WE Delay Time 

1 15 1 

t RWD 

60 

- 

70 

- 

80 

- 

100 

- 

ns 

36 

CAS to WE Delay Time 

1 15 | 

* CWD 

15 

— 

20 

— 

20 

— 

25 

— 

ns 

37 

Column Address to WE Delay Time | 15 ) 

t AWD 

30 

— 

35 

— 

40 

— 

50 

— 

ns 

m 

RAS Precharge Time to CAS 

Active Time (Refresh Cycles) 

t RPC 

0 

- 

0 

- 

0 

- 

0 

- 

ns 


CAS Set Up Time for CAS-before 
- RAS Refresh 

t CSR 

0 

- 

0 

■ 

0 

■ 

0 

- 

ns 

m 

CAS Hold Time for CAS-before 
-RAS Refresh 

t CHR 

10 

- 

10 

- 

12 

- 

15 

mi 

ns 


Fast Page Mode Read/Write 

Cycle Time 

t PC 

45 

- 

50 

- 

55 

- 

65 

- 

ns 

51 

Fast Page Mode Read-Modify- 
Write Cycle Time 

t PRWC 

62 

- 

67 

- 

75 

- 

90 

- 

ns 

B 

Access Time from CAS 

Precharge 

1 9,16| 

t CPA 

- 

40 

_ 

45 

- 

50 

— 

60 

ns 

53 

Fast Page Mode CAS 

Precharge Time 

t CP 

10 

- 

10 

- 

10 

- 

10 

- 

ns 


Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc de pends on the number of address change as RAS = Vil and 
CAS a* Vih. 

Icci , Iceland Ices are s pecifi ed at three time of address change 
during RAS = Vil and CAS = Vih. 

Icc4 i s spe cified at one time of address change during RAS = Vil 
and CAS = Vih. 

3. An Initial pause (RAS =CAS = V1H) of 200|ls is required after 
power-up followed by any eight RaS -only cycles before proper 
device operation is achieved. In ca se of using internal refresh 
counter, a minimu m of eight CAS -before- RAS initialization 
cycles instead of 8 RAS cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRCD^ tRCD (max), tRAD^ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD > tRCD (max), tRAD > tRAD (max), and tASC>tAA -tCAC - 
t t , access time is tCAC . 

8. If tRAD ^ tRAD (max) and tASC < tAA - tcAC - 1 t , access time is 
t AA . 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 

impedance state. 


1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tcAC or t aa . 

12. tRCD (min) = Irah (min)+ 2tT + tAsc (min). 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAC or tAA . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wes , t cwd , t,Rwo and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 
characteristic only. Iftwcs >twcs (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 
thoughout the entire cycle. If t cwd > t cwd (min), t rwd >t 
rwd (min) , and t awd > t awd (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin , and write operation can be exected by satisfying Irwl , t 
cwl , and tRAL specifications. 

1 6 tcPA is access time from th e selec tion of a new column address 
(that is caused by changing CAS from “L” to “H”). Therefore, if 
tep is long, tc PA is longer th an toP A (max). 

1 7. Assumes that CAS -before- RAS refresh, CAS -before- RAS 
refresh counter test cycle only. 
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FUNCTIONAL TRUTH TABLE 






flow | Column [ Input I Output 


High-Z 



Va,id Yes #1 t R cs ^ t rcs (min) 


Valid I Valid I Valid I High-Z I Yes I t wcs^ t wcs(min) 


Valid I Yes *1 I t qwd -s t cwd (min) 


High-Z Yes 


High-Z Yes 


Valid Yes 



Previous data is 
kept 


Notes: 

X: “H" or “L" 

*1 : It is impossible in Fast Page Mode. 
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Fig. 4 -READ CYCLE 



•H-Of-L" 


Invalid Data 


DESCRIPTION 

The read cy cle is exe cuted by keeping both RAS and CAS “L" and keeping WE “ H" throug hout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectively. The data output re main s valid with CAS “L”, ie., if CAS goes “H" , the data beco m es inv alid after tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 


■ 

n 
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DESCRIPTION 

The read-modify-write cycle is executed by changing WE from “H” to “L” after the data appears on the DOUT pin. 
After the current data is read out, modified data can be rewritten into the same address quickly. 




MB81 Cl 000A-60 
MB81C1000A-70 
MB81C1000A-80 
MB81C1000A-10 


Fig. 7 - FAST PAGE MODE READ CYCLE 



DESCRIPTION 

The fast page mode read cycle is executed afte r norm al c ycle with holding RAS “L", applying column address and CAS, and keeping WE “H" . 
Once an address is select ed no rmally using the RAS and CAS, other addresses in the same row can be selected by only changing the column 
address and applying the CAS. During fast page mode, the access time is tCAC, tAA, or tC PA, whichever occurs later. 

Any of the 1024 bits belonging to each row can be accessed. 
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Fig. 8 - FAST PAGE MODE WRITE CYCLE ( Early Write ) 



I I “H" or “ L" 


DESCRIPTION 

The fast page mode write cycle is executed by the sa me m anner as fast page mode read cycle except for the state of WE. 

The data on DIN pin is latched with the falling edge of CAS and written into the memory. During fast page mode write cycle, tCWL must be 
satisfied. Any of the 1024 bits belonging to each row can be accessed. 
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MB81C1000A-70 
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Fig. 9 - FAST PAGE MODE READ-MODIFY-WR1TE CYCLE 


WE Vih— - 

VlL — 


Din VlH ~ 
VlL- 


R0W M C0LUMN 

ADDR. ADDRESS 



1 1 J II 

IWO — *■ I I 

| i tCWL 

^ u-Ji 


tRAC 

P— tAA -A 
* i tnAr. 



I t0FF tCAC I tOFF 

V/AUD I"" T 1 VALID 


DESCRIPTION 

During fast page mode, the read-modify-write cycle can be executed by changing WE high to low after the data appearsat DOUT pin as well 
as normal cycle. Any of the 1024 bits belonging to each row can be accessed. 
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Fig. 10 - RAS-ONLY REFRESH CYCLE 
NOTE: A9, WE, DIN = “ H ” or “ L ” 



Refresh of RAM memory cells is accomplished by perf ormin g a read, a writ e, or a read- mod ify-write cycleat each of 51 2 row addresses every 
8.2-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refresh is performed by keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of HAS. During HAS-only refresh, Dout pin is kept in a high-impedance state. 


Fig. 11 -CAS-BEFORE-RAS REFRESH CYCLE 
NOTE: AO to A9, WE, DIN = “ H ” or “ L ” 



DESCRIPTION 

CAS-before-RAS refresh is an on -chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (tcsR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
CAS-before-ftAS refresh operation. 
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Fig. 13 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


RAS 

vir= 

CAS 

V, H — 
V,L ~ 

Ao to A 9 

« 
r- X 

1 1 

WE 

(Read) 

1 1 

X_l 

» 

Dout 

1 1 

X _l 

o o 
> > 

(JOriie) 


Din 

< < 
r- x 

1 1 


DESCRIPTION 



Hg) "H * of * L * 


A sp ecial ti ming s equence using the CAS- before -RAS r efres h counter test cycle provides a convenient method to verify t he fun ctionality of 
CAS-before-RAS refresh circuitry. If, aftera CAS-before-RAS refresh cycle. CAS makes a transition from High to Low while RAS is held Low, 
read and write operations are enabled as shown above. Row and column addresses are defined as follows: 


Row Address: Bits AO through A9 are defined by the on-chip refresh counter. The bit A9 is set high internally. 
Column Address: Bits AO through A9 are defined by latching levels on A0-A9 at the second falling edge of CAS. 


The CAS-before-RAS Counter Test procedure is as follows ; 

1 ) Initialize the internal refresh address counter by using 8 CAS-before-RAS refresh cycles. 

2) Use the same column address throughout the test. 

3) Write “0" to all 512 row addresses at the same column address by using normal write cycles. 

4) Read “0” written in procedure 3) and check; simultaneously write “1” to the same addresses by using CAS-before-RAS refresh 
counter test (read-modify-write cycles). Repeat this procedure 512 times with addresses generated by the internal refresh 
address counter. 

5) Read and check data written in procedure 4) by using normal read cycle for all 51 2 memory locations. 

6 ) Complement test pattern and repeat procedures 3), 4), and 5). 


(At recommended operating conditions unless otherwise noted.) 


No' 

Parameter 


MB81C1000A-60 

MB81C1000A-70 

MB81C1000A-80 

MB 8 ICIOOOA- 1 IO 

Unft 

mm 

Max 

llMilif 

WMax 

Min 

Max 

1 ill 

Max 

90 

Access Time from CAS 

1 FCAC 

- 

40 

- 

45 

- 

50 

— 

60 

ns 

91 

CAS to WE Delay Time 

tFCWD 

40 

— 

45 

- 

50 

- 

60 

- 

ns 


Note . Assumes that CAS-before-RAS refresh counter test cycle only. 
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PACKAGE DIMENSIONS 

(Suffix: -P) 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: D1P-18P-M04) 




Dimensions in 

©1988 FUJITSU LIMITED U18015S-4C inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PJ) 

26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LCC-26P-M04) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PSZ) 






MB81C1000A-60 
MB81 Cl 000A-70 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PFTN ) 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M04) 



©1990 FUJITSU LIMITED F2402QS-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PFTR) 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M05) 





©1990 FUJITSU LIMITED F24021S 2C 


Dimensions in 
inches (millimeters) 
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November 1990 
Edition 2.0 


DATA SHEET : 


FUJITSU 


MB81C1000A-70U-80U-iol 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 


CMOS 1M x 1 Bit Fast Page Mode DRAM 

The Fujitsu MB81C1000A is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bit. The MB81C1000A has been designed for mainframe 
memories, buffer memories, peripheral storage and memory systems of battery 
operated computers requiring very bw power dissipation. 

Fujitsu’s advanced three-dimensional stacked capacitor cell technology gives the 
MB81C1000A high a-ray soft error immunity and extended refresh time. CMOS 
technology is used in the peripheral circuits to provide low power dissipation and high 
speed operation. 

Features 


• Paroirie||er : - :: :;::.r; 

MB81C1000A 

•70L 

MB81C1000A 

«80L 

MB81C1000A 

-10L 

RAS Access Time 

70 ns max. 

80 ns max. 

100 ns max. 

Random Cycle Time 

140 ns min. 

155 ns min. 

180 ns min. 

Address Access Time 

35 ns max. 

40 ns max. 

50 ns max. 

CAS Access Time 

20 ns max. 

20 ns max. 

25 ns max. 

Fast Page Mode Cycle Time 

50 ns min. 

55 ns min. 

65 ns min. 

Low Power Dissipation 
• Operating Current 

374 mW max. 

341 mW max. 

297 mW max. 

• Standby Current 

5.5 mW max. (TTL leveiyi .4 mW max. (CMOS level) 


RAS only, CAS-before-RAS, or 
Hidden Refresh 

Fast Page Mode, Read-Modify-Write 
capability 

On-chip substrate bias generator for 
high performance 


• 1 ,048,576 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 64 ms 

• Common I/O capability by using 
early write 


Absolute Maximum Ratings (See Note) 


Parameter 


Voltage at any pin relative to V$s 


Voltage of Vcc supply relative to V ss 


Power Dissipation 


Short Circuit Output Current 


Storage Temperature 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 


Symbol 

Value 

V W Vqut 

-1 to +7 

Vcc 

-1 to +7 

PD 

1.0 

— 

50 

t stg 

-55 to +150 


-55 to +125 




DIP-1 8P-M04 


s 


DIP-1 8C-A02 




LCC-26P-M04 




ZIP-20P-M02 


FPT-24P-M04 / FPT-24P-M05 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 
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MB81 Cl 000A-70L 
MB81 Cl 000A-80L 
MB81 Cl OOOA-1 OL 


Fig. 1 — MB81C1000A DYNAMIC RAM— BLOCK DIAGRAM 


AO 

A1 


A2 

A3 

A4 

A5 

A6 


A7 


A8 

A9 



CAPACITANCE (T a = 25°C, f = 1MHz) 


Parameter 

Symbol 

Typ 

Max 

mt 

Input Capacitance, AO to A9, D tN 

msm 

— 

5 

PF 

Input Capacitance, RAS, CAS, WE 

C IN2 

— 

5 

PF 

Output Capacitance, D out 

C OUT 

— 

6 

PF 
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MB81 Cl 000A-70L 
MB81 Cl 000A-80L 
MB81C1000A-10L 


PIN ASSIGNMENTS AND DESCRIPTIONS 


18-Pin DIP: 

(TOP VIEW) 


26-PI n SOJ: 

(TOP VIEW) 




^Designator)*. 

If - Function 

Din 

Data Input. 

Dout 

Data Output. 

we 

Write Enable. 

RAS 

Row address strobe. 

NC 

No connection. 

AO to A9 

Address inputs. 

VCC 

+5 volt power supply. 

TE 

Test Enable (will be available). 

CAS 

Column address strobe. 

VSS 

Circuit ground. 


24-Pln FPT : 

(TOP VIEW) 

<Normal Bend : FPT-24P-M04> 



I A7 
I A6 
I A5 


3 Vcc 

3 A3 



3 A1 

3 AO 


] A3 
3VCC 


20-Pln ZIP: 

(TOP VIEW) 


CAS V ss WE TE 


/ TF? 4 F? 6 F« iF^ ioF^I 12H u FT iiF? ieF! 20H \ 

SU 7U 1 9U-j 11 Ui 13M 15UJ 17j-j 19U4 7 


A 9 DqUT D|N RAS no. A Q 


RECOMMENDED OPERATING CONDITIONS 


Parameter Notes 

Symbol 

Min 

Typ. 

Max 

Unit 

Ambient 
Operating Temp 

Supply Voltage | 1 | 

Vcc 

4.5 

5.0 

5.5 

V 

0 °C to +70 °C 

Vss 

0 

0 

0 

Input High Voltage, all inputs ( 1 | 

VIH 

2.4 

~ 

6.5 

V 

Input Low Voltage, all inputs | 1 | 

VIL 

-2.0 

- 

0.8 

V 
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MB81C1000A-70L 

MB81C1000A-80L 

MB81C1000A-10L 


FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one of 1,048,576 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separately strobed by CAS and RaS as shown in Figure 1 . First, nine row address bits are input on pins A0-through-A9 
and latched with the row address strobe (HAS ) then, ten column address bits are input and latched with the column address strobe(CA3 ). Both row 
and column addresses must be stable on or before the falling edge of CAS and RAS , respectively. The address latches are of the flow-through type; 
thus, address information appearing after tRAH (min)+ tr is automatically treated as the column address. 


WRITE ENABLE 



The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 


DATA INPUT 


Data is written into the MB8 1 C 1 000A during write or read-modify-write cycle. The inputdata is strobed and latched by the later falling edge ofCAS or 
"WE . In an early write cycle, data input is strobed by"CAS , and set up and hold times are referenced to"CA3 • In a delayed write or read-modify-write 
cycle, "WE is set low after CAS . Thus, data input is strobed by "WE , and set up and hold times are referenced to WE . 


DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

tRAC : from the falling edge of RAS when tRCD (max) is satisfied. 

tCAC : from the falling edge of CAS when tRco is greater than tRCD , tRAD (max). 

tAA : from column address input when tRAD is greater then tRAD (max). 
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MB81C1000A-70L 

MB81C1000A-80L 

MB81C1000A-10L 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) Notes 3 


Parameter Notes 

Symbol 

^^|?ondHlons 

Value* 

Unit 

Min 

■ 9 ! 

Mux 

Output high voltage 

V OH 

IOH = -6 mA 

2.4 

— 

— 

V 

Output low voltage 

V OL 

IOL = 4.2 mA 

— 

— 

0.4 

Input leakage current (any input) 

■ 

OV ^ VIN £ 5.5V; 

4.5V < VCC < 5.5V; 
VSS=OV;AII other pins 
not under test =0V 

-10 


10 

M.A 

Output leakage current 

■od) 

OV < VOUT ^ 5.5V; 
Data out disabled 

-10 

- 

10 

Operating current 
(Average power | — . 
supply current) [_2J 

MB8 1 C 1 000A-70L 

\cc. 

RAS & CAS cycling; 
tRC = m ' n 

- 

- 

68 

mA 

MB8 1 C 1 000A-80L 

62 

MB81C1000A-10L 

54 

Standby current 
(Power supply 
current) 

TTL level 

ICC 2 

RAS=CAS=VIH 

- 

- 

1.0 

mA 

CMOS level 

'RAS=‘SAS > VCC-0.2V 

0.25 

Refresh current 
#1 (Average power 
supply current) | 2 | 

MB81C1000A-70L 

ICC 3 

CAS=VIH, RAS 
cycling; t RC = min 

- 

- 

68 

mA 

MB81 C1000A-80L 

62 

MB81C1000A-10L 

54 

Fast Page Mode 
current pjj 

MB81 C1000A-70L 

ICC 4 

RAS = VIL, CAS 
cycling; tpc = min 

- 

- 

55 

mA 

MB81C1000A-80L 

50 

MB8 1 C 1 000A-1 OL 

43 

Refresh current 
#2 (Average power 
supply current) j 2 | 

MB81 C1000A-70L 

ICC 5 

RAS cycling ; 

CAS-before-RAS; 
t rc = nnin 

- 

- 

68 

mA 

MB81C1000A-80L 

62 

MB81C1000A-10L 

54 

Battery Back up 
current 

(Average power 
supply current) 

MB81C1000A— 70L 

ICC 6 

RAS cycling ; 
CAS-before-RAS ; 
tRc =125 Us, tRAs =min. 
to 1 jj$, DouT=open. 
Other pin > Vco-0.2V or 
< 0.2V 

- 

- 

250 

JJ.A 

MB81C1000A-80L 

MB81C1000A-10L 
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MB81 Cl 000A-70L 
MB81 Cl 000A-80L 
MB81C1000A-10L 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 



CAS Hold Time 


CAS Precharge Time (C-B-R cycle) f 17 I 


Row Address Set Up Time 


Row Address Hold Time 


Column Address Set Up Time 


Column Address Hold Time 


RAS to Column Address Delay Time 1 13 1 t RAD 


Column Address to RAS Lead Time 


Read Command Set Up Time 


Read Comma nd Ho ld Time fTT"! 

Referenced to RAS ‘ ' 


Read Command Hold Time 

1 14 1 

Referenced to CAS 

Write Command Set Up Time 

nn 

Write Command Hold Time 


WE Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


DIN Set Up Time 


DIN Hold Time 































































































































































































































MB81 Cl 000A-70L 
MB81 Cl 000A-80L 
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AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 



|| IH Pa ra meter ||.: : i.|||||||| 

: Notes 

Symbol 

MB81C1000A : 

-70 L 

MBOlClOOOA 

-801 

MB81C1000A 
: -10L : 

• Unit . 


;|| Min 

lllilil 

• Mfri-||| 

Max ; 

Min 

Max' |§ 


RAS to WE Delay Time 

1 15 1 

D9 

70 

- 

80 

- 

100 

- 

ns 


CAS to WE Delay Time 

1 15 1 

mm 

20 

— 

20 

— 

25 

— 

ns 

K9 


t AWD 

35 

— 

40 

— 

50 

— 

ns 

38 

RAS Precharge Time to CAS 

Active Time (Refresh Cycles) 

t RPC 

0 

- 

0 

- 

0 

- 

ns 

39 

CAS Set Up Time for CAS-before 
-"RAS Refresh 

t CSR 

0 

— 

0 

- 

0 

- 

ns 

40 

CAS Hold Time for CAS-before 
- RAS Refresh 

t CHR 

10 

- 

12 

- 

15 

- 

ns 

50 

Fast Page Mode Read/Write 

Cycle Time 

t PC 

50 

- 

55 

- 

65 

- 

ns 

B 

Fast Page Mode Read-Modify- 
Write Cycle Time 

t PRWC 

67 

- 

75 

- 

90 

- 

ns 

B 

Access Time from CAS 

Precharge 

1 9,1 6l 

t CPA 

- 

45 

- 

50 

— 

60 

ns 

53 

Fast Page Mode CAS 

Precharge Time 

t CP 

10 

- 

10 

- 

10 

- 

ns 


Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc depends on the number of address change as RAS = Vil and 
"CAS = Vih. 

Icci , Ic c3 and Ices are s pecifi ed at three time of address change 
during RaS = Vil and CAS = Vih. 

Icc4 i s spe cified at one time of address change during RAS = Vil 
and CAS = Vih. 

3. An Initial pause (RaS =CAS = VIH) of 200|ls is required after 
power-up followed by any eight RAS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimu m of eight CAS -before- RAS initialization 
cycles instead of 8 RAS cycles are required. 

4. AC characteristics assume ty = 5ns. 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRCD^ tRCD (max), tRAD^ tRAD (max). If tRco is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD > tRCD (max), tRAD > tRAD (max), and tASC>tAA -tcAC - 
t t , access time is tcAC . 

8. If tRAD > tRAD (max) and tASc < tAA - tcAC - 1 t , access time is 
t AA • 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 

impedance state. 


1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tcAC or t aa . 

12. tRCD (min) = tRAH (min)+2tT +tAsc (min). 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAC or t aa . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wcs , t cwd , t,Rwo and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 
characteristic only. Iftwcs >twcs (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 
thoughoutthe entire cycle. If t cwd > t cwd (min), t rwd >t 
rwd (min) , and t awd > t awd (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin , and write operation can be exected by satisfying I&wl , t 
cwl , and tRAL specifications. 

1 6 tcPA is access time from the selec tion of a new column address 
(that is caused by changing CAS from “L” to “H”). Therefore, if 
tcp is long, tc PA is longer th an tcP A (max). 

17. Assumes that T!TAS -before- RAS refresh, CAS -before- RAS 
refresh counter test cycle only. 
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MB81C1000A-70L 
MB81 Cl 000A-80L 
MB81C1000A-10L 


Fig. 2 - 1 RAC vs.tRco 


Fig. 3 - 1 RAC vs. tpAD 




FUNCTIONAL TRUTH TABLE 


Operation Mode 

wmmmmmm 

Address Input 

Illllii 

Refresh 

Note . 

WMi 

^sssstssss^ 

■SH 

liBI 

Row I 

Column 

• Input 

Output 

Standby 

H 

H 

X 

- 

- 

- 

High-Z 

- 


Read Cycle 

B 

B 

H 

Valid 

Valid 

- 

Valid 

Yes 

t RCS ^ t rcs (min) 

Write Cycle 
(Early Write) 

L 

L 

L 

Valid 

Valid 

Valid 

High-Z 

Yes 

twcs^ twcs(min) 

Read-Modify-Write 

Cycle 

L 

L 

H — > L 

Valid 

Valid 

X-> 

Valid 

Valid 

Yes *1 

t CWD * t CWD ( m ' n ) 

RAS-only 

Refresh Cycle 

L 

H 

X 

Valid 

- 

- 

High-Z 

Yes 


CAS-before-RAS 

Refresh Cycle 

L 

L 

X 

- 

- 

- 

High-Z 

Yes 

t CSR > t csr (min) 

Hidden Refresh 

Cycle 

H — > L 

B 

B 

- 

- 

- 

Valid 

Yes 

Previous data is 
kept 


Notes: 

X : “H” or "L" 

*1 : It is impossible in Fast Page Mode. 
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MB81 Cl 000 A-70L 
MB81 Cl 000 A-80L 
MB81 Cl 000A-1 0L 


Fig. 4 -READ CYCLE 



Invalid Data 


DESCRIPTION 

The read cy cle is exe cuted by keeping both RAS and CAS “L" and keeping WE " H" throug hout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectively. The data output re main s valid with CAS 1", ie. , if CAS goes “H" , the data becom es inv alid after tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 
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MB81 Cl 000A-70L 
MB81 Cl 000A-80L 
MB81 Cl OOOA-1 OL 



Fig. 5 - WRITE CYCLE ( Early Write ) 



HI 

DESCRIPTION 

The write cycle is exe cuted by the s ame manner as read cycle except for the state of WE and DIN pins. The data on DIN pin islatched with the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied with the 
specifications. 
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MB81 Cl 000A-70L 
MB81C1000A-80L 
MB81 Cl OOOA-1 OL 



DESCRIPTION 

The read-modify-write cycle is executed by changing WE from “H” to “L” after the data appears on the DOUT pin. 
After the current data is read out, modified data can be rewritten into the same address quickly. 





MB81C1000A-70L 
MB81 Cl 000A-80L 
MB81 Cl OOOA-1 OL 


Fig. 7 - FAST PAGE MODE READ CYCLE 


0 9 V |L _ 



fcpi'cr 

H Jm T- 

: h Pt; 

Ir^H lSL b 


DESCRIPTION 

The fast page mode read cycle is executed afte r norm al c ycle with holding RAS 1", applying column address and CAS, and keeping WE “H” . 
Once an address is select ed no rmally using the RAS and CAS, other addresses in the same row can be selected by only changing the column 
address and applying the CAS. During fast page mode, the access time is tCAC, tAA, or tCPA, whichever occurs later. 

Any of the 1024 bits belonging to each row can be accessed. 
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MB81 Cl 000A-70L 
MB81 Cl 000A-80L 
MB81 Cl OOOA-1 OL 








MB81 Cl 000A-70L 
MB81 Cl 000A-80L 
MB81C1000A-10L 


Fig. 9 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



During fast page mode, the read-modify-write cycle can be executed by changing WE high to low after the data appearsat DOUT pin as well 
as normal cycle. Any of the 1024 bits belonging to each row can be accessed. 
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MB81 Cl 000A-70L 
MB81 Cl 000A-80L 
MB81 Cl OOOA-1 OL 


Fig. 10- RA§-ONLY REFRESH CYCLE 
NOTE: A9, WE, DIN = “ H ” or “ L ” 



Refresh of RAM memory cells Is accomplished by perf ormin g a read, a writ e, or a read- mod ify-write cycleat each of 51 2 row addresses every 
8.2-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refr esh i s perfor med b y keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RAS. During RAS-only refresh, Dout pin is kept in a high-impedance state. 


Fig. 11 - Ca5-before-ra§ refresh cycle 
NOTE: AO to A9, WE, DIN = “ H ” or “ L ” 



DESCRIPTION 

CAS-before-RAS refresh is an o n-chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (tesR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
CAS-before-ftAS refresh operation. 
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MB81 Cl 00QA-70L 
MB81 Cl 000A-80L 
MB81 Cl OOOA-1 OL 


Fig. 12 - HIDDEN REFRESH CYCLE 




DESCRIPTION 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of CAS and cycling 
HAS. The refresh row address is provid ed by the on-chip refresh address counter. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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MB81C1000A-70L 
MB81 Cl 000A-80L 
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PACKAGE DIMENSIONS 

(Suffix: -P) 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-1 8P-M04) 



©1988 FUJITSU LIMITED 0180 J5S-4C 


Dimensions in 
inches (millimeters) 






MB81 Cl 000A-70L 
MB81 Cl 000A-80L 
MB8i ci oooa-i oi- 


PACKAGE DIMENSIONS (Continued) 


18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-1 8C-A02) 



©1989 FUJITSU LIMITED D18018S-1C 


Dimensions in 
inches (millimeters). 
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MB81 Cl 000A-70L 
MB81 Cl 000A-80L 
MB8i ci oooa-i oi- 

PACKAGE DIMENSIONS (Continued) 

(Suffix: -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LCC-26P-M04) 


675± .005 
(17.15±0.13) 


.140(3.55) MAX. 
.089(2.25) NOM. 
.025(0.64) MIN. 


~ n n n n 

n r- 

/ 

n r~i nn 

@ @ 


© 

INDEX 

£ t 

® 

o 


,332± .005 
(8.43±0. 13) 


.268± .020 
(6.81 ±0.51 ) 


.050+ 005 
(1 .27±0.1 3) 


-.600(15.24) REF- 



.098(2.50) NOM. 


Details of "A" part 



.01 7 ±.004 
(0.43 + 0.10) 


rujiiou Limlitu uzbua^-ii. 


NOTE: 1.*:This dimension includes resin protrusion. (Each side: .006(0.1 5)MAX) 

2. Although this package has 20 leads only, its pin positions are the same as tha 
that of 26-iead package. 

3. Dimensions in inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 


Suffix: -PSZ1 






MB81C1000A-70L 

MB81C1000A-80L 

MB81C1000A-10L 


PACKAGE DIMENSIONS (Continued) 

(Suffix: -PFTN) 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M04) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: - PFTR) 



24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M05) 





©1990 FUJITSU LIMITED F24021S-2C 


Dimensions in 
inches (millimeters) 






CMOS DRAMs 


Dynamic RAM Data Book 


2-94 


February 1990 
Edition 3.0 


DATA SHEET : 


FUJITSU 


MB8ICIOOI-70/-8O/-10/-12 

CMOS 1,048,576 BIT NIBBLE MODE DYNAMIC RAM 


CMOS 1M x 1 Bit Nibble Mode DRAM 

The Fujitsu MB81C1001 is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bit. The MB81C1001 has been designed for mainframe 
memories, buffer memories, and peripheral storage applications requiring high speed, 
low power dissipation, and compact layout. 

Fujitsu’s advanced three-dimensional stacked capacitor cell technology gives the 
MB81C1001 high a-ray soft error immunity. CMOS technology is used in the 
peripheral circuits to provide low power dissipation and high speed operation. 

This specification applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 

Features 


Parameter 

MB81C1001 

*70 

MB81C1001 

-80 

MB81C1001 

-10 

MB81C1001 

-12 

RAS Access Time 

70 ns max. 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

140 ns min. 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

43 ns max. 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

25 ns max. 

25 ns max. 

25 ns max. 

35 ns max. 

Nibble Mode Cycle Time 

50 ns min. 

50 ns min. 

55 ns min. 

60 ns min. 

Low Power Dissipation 
• Operating Current 

413 mW 

385 mW 

330 mW 

275 mW 

max. 

max. 

max. 

max. 

• Standby Current 

11 mW max. (TTL level)/5.5 mW max. (CMOS level) 


• 1 ,048,576 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 16.4 ms 

• Common I/O capability by using 
early write 


Absolute Maximum Ratings (See Note) 


HAS only, CAS-before-HAS, or 
Hidden Refresh 

Nibble Mode, Read-Modify-Write 
capability 

On-chip substrate bias generator for 
high performance 


Parameter 

Symbol 

Value 

Voltage at any pin relative to Vss 

V|N. VoUT 

-1 to +7 

Voltage of Vcc supply relative to Vss 

Vcc 

-1 to +7 

Power Dissipation 

PD 

1.0 

Short Circuit Output Current 

— 

50 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 


Plastic 


-55 to +125 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However. It 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 


Copyright <S) 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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Ffg. 1 - MB81C1001 DYNAMIC RAM - BLOCK DIAGRAM 


AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 



CAPACITANCE (Ta= 25°C, f=1MHz) 


Parameter 

Symbof 

Typ 

Max 

Unit 

Input Capacitance, AO to A9, D (N 

C|N1 

— 

5 

pF 

Input Capacitance, RAS, CAS, WE 

C|N 2 

— 

5 

pF 

Output Capacitance, D out 

CqUT 

— 

5 

pF 
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PIN ASSIGNMENTS AND DESCRIPTIONS 


1#-Pln DIP: 

(TOP VIEW) 



D IN 
WF 
RAS 
TE 
NC. 


26-Pin SOJ: 

(TOPVEW) 


C 

1 

26 

2 

25 

3 

24 

4 

23 

5 

22 

9 

18 

10 

17 

11 

16 

12 

15 

13 

14 


NC. 

a 9 


CAS V ss WE TE NC. At A 3 A 4 A 6 A 8 
/ 2 4?^ 6“ 8“ 10“ 12 H 14 H 16«“* 18“ 20“ \ 

fcTTOriiirca-iiriJriaJtTTi-trciJriiJtTTi-trciizD 

Vi*—' 3 1_! 5U 7*J 9L! 11 U 13LJ 15LJ 17 L! 19U / 

A 9 °OUT D,N RAS NC. A 0 A 2 V CC A 5 A 7 


Designator 

Function 

Din 

Data Input. 

dout 

Data Output. 

we 

Write Enable. 

RAS 

Row address strobe. 

NC 

No connection. 

A0 to A9 

Address inputs. 

VCC 

+5 volt power supply. 

TE 


CAS 

Column address strobe. 

VSS 

Circuit ground. 


RECOMMENDED OPERATING CONDITIONS 


Parameter Notes • 

Symbol 

Min 

Typ 

Max 

Unit 

Ambient 
Operating Temp 

Supply Voltage | 1 | 

Vcc 

4.5 

5.0 

5.5 

V 

0 °C to +70 °C 

Yss 

0 

0 

0 

Input High Voltage, all inputs 1 1 1 

VIH 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs | 1 | 

VIL 

-2.0 

- 

0.8 

V 
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FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one of 1 ,048,576 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separately strobed by CAS and HAS as shown in Figure 1 . First, nine row address bits are input on pins A0-through-A9 
and latched with the row address strobe (HAS ) then, ten column address bits are input and latched with the column address strobe( CAS ). Both row 
and column addresses must be stable on or before the falling edge of CAS and HAS , respectively. The address latches are of the flow-through type; 
thus, address information appearing after tRAH (min)+ tr is automatically treated as the column address. 


WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cyde is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 


DATA INPUT 

Data is written into the MB81C1001 during write or read-modify-write cyde. The input data is strobed and latched by the later falling edge ofCAS or 
'WE . In an early write cyde, data input is strobed by 'CAS , and set up and hold times are referenced toTJAS . In a delayed write or read-modify-write 
cycle, 'WE is set low after CAS . Thus, data input is strobed by "WE , and set up and hold times are referenced to WE. 


DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cyde is executed, valid outputs are 
obtained under the following conditions: 

tRAC : from the falling edge of HAS when tRco (max) is satisfied. 

tCAC : from the falling edge of CAS when tRCD is greater than tRCD , tRAD (max). 

tAA : from column address input when tRAD is greater then tRAD (max). 
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DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) Notes 3 


Parameter Notea 

Symbol 

Condition# 

Vaftioa •lllllllll 

Unit 

111 Min 



Output high voltage 

< 

0 

1 

IOH = -5 mA 

2.4 

!BjH| 

— 

V 

Output low voltage 

VOL 

IOL = 4.2 mA 

— 

— 

0.4 

Input leakage current (any input) 

■ 

0V < VIN < 5.5V; 

4.5V < VCC < 5.5V; 
VSS=0V;AII other pins 
not under test =0V 

-10 

- 

10 

P A 

Output leakage current 

•od) 

0 V < VOUT < 5.5V; 
Data out disabled 

-10 

- 

10 

Operating current 
(Average power . — . 
supply current) I 2 1 

MB81C1001-70 

ICC! 

RAS & CAS cycling; 

*RC = m ' n 

- 

- 

75 

mA 

MB81 Cl 001-80 

70 

MB81 Cl 001-10 

60 

MB81C1001-12 

50 

Standby current 
(Power supply 
current) 

TTL level 

ICC 2 

RAS=CAS=VIH 

- 

- 

2.0 

mA 

CMOS level 

RAS=CAS > VCC-0.2V 

1.0 

Refresh current 
#1 (Average power 
supply current) | 2 | 

MB81 Cl 001-70 

ICC 3 

CAS=VIH, RAS 
cycling; 1^= min 

- 

- 

70 

mA 

MB81 Cl 001-80 

65 

MB81C1001-10 

55 

MB81C1001-12 

45 

Nibble Mode 
current |~^~j 

MB81C1001-70 

ICC 4 

RAS = VIL, CAS 
cycling; tMc = min 

- 

- 

45 

mA 

MB81 Cl 001-80 

45 

MB81C1001-10 

35 

MB81C1001-12 

25 

Refresh current 
#2 (Average power 
supply current) | gj 

MB81C1001-70 

ICC 5 

RAS cycling ; 

CAS-before-RAS; 
t rc = min 

- 

- 

70 

mA 

MB81C1001-80 

65 

MB81C1001-10 

55 

MB81C1001-12 

45 
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AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 



Pmmu* Note* 


: MB81C1 Mi-70 

MB 81 C 1001 -S 0 

MB$tClO0l-l0 

MB81C1 001-12 




I1EHI 

irai 



■3S1 


EHI 

IBffli 


B 

Time Between Refresh 

^ REF 

- 

8.2 

- 

8.2 

- 

8.2 

- 

8.2 

m 

m 

Random Read/Write Cycle Time 

*rc 

140 

- 

155 

- 

180 

- 

210 

- 

is 

B 

Read-Modify-Write Cycle Time 

Irwc 

167 

- 

182 

- 

210 

- 

245 

- 

IS 

n 

Access Time from RAS 


m 

— 

70 

- 

80 

— 

100 

— 

120 

IS 

5 

Access Time from CAS 

1 7,9 | 

US 

- 

25 

- 

25 

- 

25 

- 

35 

IS 

B 

Column Address Access Time 

1 ®.9 1 

USB 

- 

43 

- 

45 

- 

50 

- 

60 

IS 

B 

Output Hold Time 

ns 

7 

- 

7 

- 

7 

- 

7 

- 

IS 

8 

Output Buffer Turn on Delay Time 

n 

5 

- 

5 

- 

5 

- 

5 

- 

IS 

9 

Output Buffer Turn off Delay Time 

□D 

t0FF 

— 

25 

- 

25 

— 

25 

— 

25 

IS 

10 

Transition Time 

t T 

3 

50 

3 

50 

3 

50 

3 

50 

is 

B 

RAS Precharge Time 

^ RP 

60 

- 

65 

- 

70 

- 

80 

- 


B 

RAS Pulse Width 

^ RAS 

70 

100000 

80 

100000 

100 

100000 

120 

100000 

is 

B 

RAS Hold Time 

Irsh 

25 

- 

25 

- 

25 

- 

35 

- 

191 

B 

CAS to RAS Precharge Time 

^CRP 

0 

- 

0 

- 

0 

- 

0 

- 

is 

B 

RAS to CAS Delay Time 

m 

^ RCD 

20 

45 

22 

55 

25 

75 

25 

85 

is 

B 

CAS Pulse Width 

*CAS 

25 

- 

25 

— 

25 

— 

35 

— 

IS 

B 

CAS Hold Time 

■m 

70 

- 

80 

- 

100 

- 

120 

- 

is 

B 

CAS Precharge Time (C-B-R cycle) 1 17 "1 

pi 

10 


10 

- 

10 

- 

15 

- 


B 

Row Address Set Up Time 

UsR 

0 

- 

0 

- 

0 

— 

0 

— 

is 

IS 

Row Address Hold Time 

* RAH 

10 

- 

12 

- 

15 

- 

15 

- 

19 

m 

Column Address Set Up Time 

t A SC 

0 

- 

0 

- 

0 

- 

0 

- 


E9I 

Column Address Hold Time 

^CAH 

15 

- 

15 

- 

15 

- 

20 

- 

II2QI 

B 

RAS to Column Address Delay Timel 13 H 

^ RAD 

15 

27 

17 

35 

20 

50 

20 

60 

is 

B 

Column Address to RAS Lead Time 

Iral 

43 

- 

45 

- 

50 

- 

60 

- 

11^1 

B 

Read Command Set Up Time 

^ RCS 

0 

- 

0 

- 

0 

- 

0 

- 

is 

B 

Read Command Hold Time 
Referenced to RAS 

1 14 | 

^ RRH 

B 

- 

0 

B 

0 

- 

B 

- 


H 

Read Command Hold Time 
Referenced to CAS 

1 14 1 

*RCH 

B 

- 

B 

- 

B 

- 

B 


Q 

B 

Write Command Set Up Time 

1 15 1 

twcs 

0 


0 


0 


0 


is 

B 

Write Command Hold Time 

twCH 

15 

- 

15 

- 

15 

- 

20 

- 

is 

IS 

WE Pulse Width 

t WP 

15 

- 

15 

- 

15 

- 

20 

- 


m 

Write Command to RAS Lead Time 

Irwl 

22 

— 

22 

— 

25 

— 

30 

— 

is 

is 

Write Command to CAS Lead Time 


17 

— 

17 

— 

20 

— 

25 

— 

is 

B| 

DIN Set Up Time 

^DS 

0 

— 

0 

— 

0 

— 

0 

— 

is 

\JL 

DIN Hold Time 

HSU 

15 

- 

15 

- 

15 

- 

20 

- 

B 


2-100 
























































































































































































MB81C1001-70 

MB81C1001-80 

MB81C1001-10 

MB81C1001-12 


AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


No* 

Parameter 

Notes 


MB81C1001-70 

MB81C1OO1-80 

MB81C1001-10 

BBSS 

Kill 


Symbol 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

g 


RAS to WE Delay Time 

1 15 1 

t RWD 

70 

- 

80 

- 

100 

- 

120 

- 

ns 


CAS to WE Delay Time 

1 15 1 

t CWD 

25 

— 

25 

— 

25 

— 

35 

— 

ns 

m 

Column Address to WE Delay Time | 15 1 

t AWD 

43 

— 

45 

— 

50 

— 

60 

— 



RAS Precharge Time to CAS 

Active Time (Refresh Cycles) 

t RPC 

H 

- 

0 

- 

0 

- 

0 

- 


39 

CAS Set Up Time for CAS-before 
-RAS Refresh 

t CSR 

0 

n 


H 

0 

- 

0 

H 

IB 

m 

CAS Hold Time for CAS-before 
-RAS Refresh 

t CHR 

15 

- 

15 

- 

15 

- 

20 

- 


D 

Access Time from CAS 
(Counter Test Cycle) 

t CAT 

- 

43 

- 

45 

- 

50 

- 

60 

IS 


Nibble Mode Read/Write 

Cycle Time 

t NC 

45 

- 

45 

- 

45 

- 

60 

- 

ns 

H 

Nibble Mode Read-Modify- 
Write Cycle Time 

t NRWC 

67 

- 

67 

- 

70 

- 

85 

- 

ns 

B 

Access Time from CAS 

Precharge 

1 9.161 

t NPA 

- 

40 

- 

40 

- 

40 

— 

55 

ns 

n^i 

Nibble Mode CAS 

Precharge Time 

t NCP 

10 

- 

10 

- 

10 

- 

15 

- 

ns 


Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc de pends on the number of address change as RAS = Vil and 
CAS = Vih. 

Icci , Iceland Ices are s pecifi ed at three time of address change 
during RAS = Vil and CAS = Vih. 

Icc4 i s spe cified at one time of address change during FlAS = Vil 
and CAS = Vih. 

3. An Initial pause (RA5=6As = VIH) of 200|is is required after 
power-up followed by any eight RAS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimu m of eight CAS -before- RAS initialization 
cycles instead of 8 RAS cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRCD< tncD (max), tRAD< tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that Ircd exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD > tRCD (max), tRAD > tRAD (max), and tASC > tAA - tCAC - 
t t , access time is tcAc . 

8. If tRAD > tRAD (max) and tASC < tAA - tcAc - 1 t , access time is 
tAA . 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 

impedance state. 


1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tcAc or t aa . 

12. tRCD (min) = tRAH (min)+ 2tT + tASC (min). 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAC or tAA . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wes , t cwd , t.RWD and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 
characteristic only. If twes > t wes (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 
thoughout the entire cycle. If t cwd > t cwd (min), t rwd > t 
rwd (min) , and t awd > t awd (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin , and write operation can be exected by satisfying tawL , t 
cwl , and tRAL specifications. 

1 6 t npa is access time from th e selec tion of a new column address 
(that is caused by changing CaS from “L” to “H”). Therefore, if 
tNepis long, tNPAjs longer th an tNP A (max). 

1 7. Assumes that CAS -before- RAS refresh, CAS -before- RAS 
refresh counter test cycle only. 
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Fig. 2 - Ir AC v». t RCD 



1 RCD ( nS ) 


Pifl* 3 “ tRAC V*. t RAD 



1 RAD ( ns ) 


FUNCTIONAL TRUTH TABLE 


Operation Mode 

Clock Input 

Address Input 

Data 

Refresh 

;iJ|Y" Note . 

EH 

ifSi 

WE 


Column 

Input 

Output 

Standby 

H 

H 

X 

- 

- 

- 

High-Z 

- 


Read Cycle 

B 

B 

H 

Valid 

Valid 

- 

Valid 

Yes M 

t RCS > t R cs ( m ' n ) 

Write Cycle 
(Early Write) 

L 

L 

L 

Valid 

Valid 

Valid 

High-Z 

Yes *1 

^WCS^ t W cs( m ' n ) 

Read-Modify-Write 

Cycle 

L 

L 

H — » L 

Valid 

Valid 

X-> 

Valid 

Valid 

Yes *1 

t CWD ^ t CWD ( m ' n ) 

RAS-only 

Refresh Cycle 

L 

H 

X 

Valid 

- 

- 

High-Z 

Yes 


CAS-before-RAS 

Refresh Cycle 

L 

B 

X 

- 

- 

- 

High-Z 

Yes 

t CSR ^ t CSR ( m ' n ) 

Hidden Refresh 

Cycle 

H — » L 

L 

X 

- 

- 

- 

Valid 

Yes 

Previous data is 
kept 


Notes: 

X : "H" or “L" 

*1: It is impossible in Nibble Mode. 
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A n toA 0 V|H 

0 9 w _ 


Fig. 4 - READ CYCLE 



R-4 


COLUMN ADD 



DESCRIPTION 

The read cy cle is exe cuted by keeping both RAS and CAS "L” and keeping WE “ H" throug hout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectively. The data output re main s valid with CAS “L", ie. , if CAS goes “H" , the data beco m es inv alid after tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 
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Fig. 5 - WRITE CYCLE ( Early Write ) 



I 1 • h ' wv 

DESCRIPTION 

The write cycle is exe cuted by the s ame manner as read cycle except for the state of WE and DIN pins. The data on DIN pin islatched with the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied with the 
specifications. 
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Fig. 7 - NIBBLE MODE READ CYCLE 
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Fig. IO-RAS-ONLY REFRESH CYCLE 
NOTE: A9, WE, DIN = “ H ” or “ L ” 



Refresh of RAM memory cells is accomplished by performing a read, a write, or a read-modify-write cycleat each of 51 2 row addresses every 
8.2-milliseconds. Three refresh modes are available: AAS-only refresh, CA3-before RAS refresh, and hidden refresh. 

RAS-only refresh is performed by keeping RAS Low and SAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RAS. During RAS-only refresh, Dout pin is kept in a high-impedance state. 


Fig. 11 - CA5-BEFORE-RA3 REFRESH CYCLE 
NOTE: AO to A9, WE, DIN = “ H ” or * L ” 



DESCRIPTION 

CAS-before-RAS refresh is an on-chip refresh capability that eliminates the need for external refresh addresses. If 'CAs is held Low for the 
specified setup time (tcsR) before RAS goes Low, the on -chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
cA3-before-HAS refresh operation. 


2-109 






MB81C1001-70 

MB81C1001-80 

MB81C1001-10 

MB81C1001-12 


Fig. 12 - HIDDEN REFRESH CYCLE 


RAS 


CAS 


Ao to A9 


WE 


VlH — 
VlL— 


VlH — 
VlL— 


VlH — 
VlL— 


VlH — 


(Read) Vil- 


Dout 


Voh~~ 
Vol — 


WE V ' H - 
(Read/Write Vil — 
Cycle) 


Din 


Vih— 

Vil— 



| | * H * or “ L “ 

DESCRIPTION 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of £A§ and cycling 
RAS. The refresh row address is provided by the on -chip refresh address counter. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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PACKAGE DIMENSIONS 

(Suffix: -P) 


18-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-I8P-M04) 




©1988 FUJITSU LIMITED D18015S-4C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 


[Suffix: -C] 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PJ) 

26-LEAD PLASTIC LEADED CHIP CARRIER 



2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package. 

Dimensions in 

©1989 FUJITSU LIMITED C26064S-1C inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PSZ) 


20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 

(Case No. : ZIP-20P-M02) 




c 1989 FUJITSU LIMITED Z2D002S-4C 


Dimensions in 
inches (millimeters) 
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CMOS DRAMs 


Dynamic RAM Data Book 
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February 1990 
Edition 1.0 


FUJITSU 


; — = "i. : DATASHEET == — 

MB81 Cl 001 -70L/-80L/-1 0L/-12L 

CMOS 1,048,576 BITNIBBLE MODE DYNAMIC RAM 


CMOS 1M x 1 Bit Nibble Mode DRAM 

The Fujitsu MB81C1001 is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bit. The MB81C1001 has been designed for mainframe 
memories, buffer memories, and peripheral storage and memory systems of battery 
operated computers requiring very low power dissipation. 

Fujitsu’s advanced three-dimensional stacked capacitor cell technology gives the 
MB81C1001 high a-ray soft error immunity and extended refresh time. CMOS 
technology is used in the peripheral circuits to provide low power dissipation and high 
speed operation. 

This specification applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 


Features 


Parameter 

MB81C1001 
-70 L 

MB81C1001 

-80L 

MB81C1001 

-10L 

MB81C1001 

-12L 

RAS Access Time 

70 ns max. 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

140 ns min. 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

43 ns max. 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

25 ns max. 

25 ns max. 

25 ns max. 

35 ns max. 

Nibble Mode Cycle Time 

50 ns min. 

50 ns min. 

55 ns min. 

60 ns min. 

Low Power Dissipation 
• Operating Current 

396 mW 

358 mW 

303 mW 

259 mW 

max. 

max. 

max. 

max. 

• Standby Current 

8.3 mW max. (TTL level)/1.4 mW max. (CMOS level) 


• 1 ,048,576 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 64 ms 

• Common I/O capability by using 
early write 


• RAS only, CAS-before-RAS, or 
Hidden Refresh 

• Nibble Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 



DIP-1 8P-M 04 



DIP-1 8C-A01 



LCC-26P-M04 



ZIP-20P-M02 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 1 

Voltage at any pin relative to Vss 

V|N. VoUT 

-1 to +7 

HDH 

Voltage of Vcc supply relative to V ss 

Vcc 

-1 to +7 


Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

H 

Plastic 

-55 to +125 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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Fig. 1 - MB81C1001 DYNAMIC RAM - BLOCK DIAGRAM 
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CAPACITANCE (T a = 25°C, f = 1MHz) 


Parameter 

Symbol" 

Typ = ! ' ' • 

Max 

Vnit 

Input Capacitance, AO to A9, Din 

C|N1 

- 

5 

PF 

Input Capacitance, RAS, CAS, WE 

C|N2 

— 

5 

PF 

Output Capacitance, D out 

■H 

— 

5 

PF 
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PIN ASSIGNMENTS AND DESCRIPTIONS 


18 -Pln DIP: 

(TOP VIEW) 



D IN 
WE 
RAS 
TE 
NC. 


26-Pin SOJ: 

(TOP VIEW) 


i Jk 

1 

26 

2 

25 

3 

24 

4 

23 

5 

22 

9 

18 

10 

17 

11 

16 

12 

15 

13 

14 


p V S S 
dout 
CAS 
NC. 

Ag 




xTLtrriirriJTTiina-ini^TTi-trcUTTi-tm 

SLi 7U 9i-i 11 !_* 13!_! 1S!— r 


16?* 18> • 20“ \ 

rriiTTiim-bi 

L_! 17 1_! 19'_! / 


RAS NC- A o 


^ 2 V CC A 5 


Designator 

Function 

Din 

Data Input. 

Dqut 

Data Output. 

we 

Write Enable. 

RAS 

Row address strobe. 

NC 

No connection. 

AO to A9 

Address inputs. 

VCC 

+5 volt power supply. 

TE 

Test Enable (will be available). 

CAS 

Column address strobe. 

VSS 

Circuit ground. 


RECOMMENDED OPERATING CONDITIONS 


Parameter Notea : 

Symbol 

.••• i Min 

i 

Max 

Unit 

Ambient 

Supply Voltage f 1 | 

Vcc 

4.5 

5.0 

5.5 

V 

0 °C to +70 °C 

1011111 

0 

0 

0 

Input High Voltage, all inputs 1 1 1 

VIH 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs | 1 | 

VIL 

-2.0 

- 

0.8 

V 
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FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one of 1,048,576 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separately strobed by CX5> and HAS as shown in Figure 1 . First, nine row address bits are input on pins A0-through-A9 
and latched with the row address strobe (HAS ) then, ten column address bits are input and latched with the column address strobe(C7f5 ). Both row 
and column addresses must be stable on or before the falling edge of CAS and HAS , respectively. The address latches are of the flow-through type; 
thus, address information appearing after to ah (min)+ tr is automatically treated as the column address. 


WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 


DATA INPUT 

Data is written into the MB81 C1001 during write or read-modify-write cycle. The input data is strobed and latched by the later falling edge ofCAS or 
‘WE . In an early write cycle, data input is strobed by CAS , and set up and hold times are referenced to CAS . In a delayed write or read-modify-write 
cycle, WE is set low after . Thus, data input is strobed by WE , and set up and hold times are referenced to WE . 


DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions; 

tRAC : from the falling edge of RAS when tRco (max) is satisfied. 

tCAC : from the falling edge of CAS when tRCD is greater than tRco, Irad (max). 

tAA : from column address input when tRAD is greater then tRAD (max). 
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DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) Notes 3 


Parameter Note* 

Symbol 

Condition* 

Value* 

Unit 

Mbi 

■SHI! 

Max 

Output high voltage 

V OH 

IOH = -5mA 

2.4 

— 

— 

V 

Output low voltage 

V OL 

IOL = 4.2 mA 

— 

— 

0.4 

Input leakage current (any input) 

1 l(L) 

OV < VIN £ 5.5V; 

4.5V < VCC £ 5.5V; 
VSS=0V;AII other pins 
not under test =0V 

-10 

- 

10 


Output leakage current 

W) 

OV < VOUT < 5.5V; 
Data out disabled 

-10 

- 

10 

Operating current 
(Average power | — . 
suddIv current) 1 2 | 

MB81C1001-70L 

ICC 1 

RAS & CAS cycling; 
tRC = m i n 

- 

- 

72 

mA 

MB81C1001-80L 

65 

MB81C1001-10L 

55 


MB81C1 001-1 2L 

47 

Standby current 
(Power supply 
current) 

TTL level 

ICC 2 

RAS=CAS=VIH 

- 

- 

1.5 

mA 

CMOS level 

5AS=CAS > VCC-0.2V 

250 

|I A 

Refresh current 
#1 (Average power 
supply current) £ 2 ] 

MB81C1001-70L 

ICC 3 

CAS=VIH, RAS 
cycling; t RC = min 

- 

- 

60 

mA 

MB81C1001-80L 

56 

MB81C1001-10L 

50 

MB81C1001-12L 

45 

Nibble Mode 

current 

MB81C1001-70L 

ICC 4 

RAS = VIL, CAS 
cycling; t NC = min 

- 

- 

38 

mA 

MB81C1001-80L 

38 

MB81C1001-10L 

28 

MB81C1001-12L 

20 

Refresh current 
#2 (Average power 
supply current) j 2 j 

MB81C1001-70L 

ICC 5 

RAS cycling ; 

CAS-before-RAS; 
t RC = 


- 

60 

mA 

MB81C1001-80L 

56 

MB81C1001-10L 

50 

MB81C1001— 12L 

45 

Battery Back up 
current 

(Average power 
supply current) 

MB81C1001-70L 

ICC 6 

RAS cycling ; 

CAS-before-RAS ; 
t RC =125 Us, tRAS =min. 
to 1 jjs, DouT=open. 
Other pin > Vcc-0.2V or 
<0.2V 

- 

- 

250 

JiA 

MB81C1001-80L 

MB81 Cl 001-1 OL 

MB81 Cl 001-1 2L 


2-121 































































































MB81C1001-70L 

MB81C1001-80L 

MB81C1001-10L 

MB81C1001-12L 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


Parameter Notes Symbol 


Time Between Refresh 


Random Read/Write Cycle Time 


Read-Modify-Write Cycle Time 


Access Time from RAS 


Access Time from CAS ran 


Column Address Access Time I 8,9 | 


Output Hold Time 


Output Buffer Turn on Delay Time 


Output Buffer Turn off Delay Time GDI t()FF 


Transition Time 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


CAS to RAS Precharge Time 


RAS to CAS Delay Time lll,l2j 


CAS Hold Time 


CAS Precharge Time (C-B-R cycle) I 17 j 


Row Address Set Up Time 


Row Address Hold Time 


Column Address Set Up Time 


RAS to Column Address Delay Time l 13~| t 


Column Address to RAS Lead Time 


Read Command Set Up Time 


Read Comma nd Ho ld Time 
Referenced to RAS 


Read Comma nd Ho ld Time 
Referenced to CAS 


Write Command Set Up Time 


Write Command Hold Time 


WE Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


DIN Set Up Time 


DIN Hold Time 


WB81C10(>1-70L rMBd*CT&di-$i)L I I 001-121 
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AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


lgll 

Parameter Notes 


MB81C1001-70L 

MB81C1001-80L 

MB81C1001-10L 

BBSS 

1SH 


; ::;i|ymi|p| : 

llil! 


lllill 

Max 

Min 

I Max |f 

Mitt V 

HESS 


K 

RAS to WE Delay Time 

1 « 1 

t RWD 

70 

- 

80 

- 

100 

- 

120 

- 

ns 

ES 

CAS to WE Delay Time 

1 is 1 

t CWD 

25 

— 

25 

— 

25 

— 

35 

— 

ns 

K9 

Column Address to WE Delay Time | 15 | 

t AWD 

43 

— 

45 

— 

50 

— 

60 

— 

ns 

D 

RAS Precharge Time to CAS 

Active Time (Refresh Cycles) 

t RPC 

D 

- 

n 

- 

B 

- 

B 

B 

ns 

Q 

CAS Set Up Time for CAS-before 
-RAS Refresh 

t CSR 

0 

- 

i 

- 

B 

- 

B 

- 

ns 

D 

CAS Hold Time for CAS-before 
-RAS Refresh 

t CHR 

15 

- 

15 

- 

15 

- 

20 

- 

ns 

n 

Access Time from CAS 
(Counter Test Cycle) 

t CAT 

- 

43 

- 

45 

- 

50 

- 

60 

ns 

50 

Nibble Mode Read/Write 

Cycle Time 

t NC 

45 

- 

45 

- 

45 

- 

60 

- 

ns 

D 

Nibble Mode Read-Modify- 
Write Cycle Time 

t NRWC 

67 

n 

67 


70 

B 

85 

- 

ns 

D 

Access Time from CAS 

Precharge 

1 9,16| 

t NPA 

- 

40 

- 

40 

- 

40 

— 

55 

ns 


Nibble Mode CAS 

Precharge Time 

t NCP 

10 

- 

10 

- 

10 

- 

15 

- 

ns 


Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc de pends on the number of address change as RAS = Vil and 
CAS = Vih. 

Icci , Iceland Ices are s pecifi ed at three time of address change 
during RAS = Vil and CAS = Vih. 

Icc4 i s spe cified at one time of address change during "RAS = Vil 
and CAS = Vih. 

3. An Initial pause ("RAS =CAS = VIH) of 200jls is required after 
power-up followed by any eight RAS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimu m of eight CAS -before- RaS initialization 
cycles instead of 8 RAS cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRCD^ tRco (max), tRAD^ tRAO (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD > tRCD (max), tRAD > tRAD (max), and tASC > tAA - tCAC - 
t t , access time is tcAC - 

8. If tRAD > tRAD (max) and tASC < tAA - tcAC - 1 t , access time is 
tAA . 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 

impedance state. 


1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRco (max) limit, access time is 
controlled exclusively by tcAC or tAA . 

12. tRCD (min) = tRAH (min)+ 2tT + tASC (min). 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAC or tAA . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wes , t cwd , t.Rwo and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 
characteristic only. Iftwcs >twcs (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 
thoughout the entire cycle. If t cwd > t cwd (min), t rwd >t 
rwd (min) , and t awd > t awd (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin , and write operation can be exected by satisfying fawL , t 
cwl , and tRAL specifications. 

16 t npa is access time from th e selec tion of a new column address 
(that is caused by changing CAS from “L" to “H”). Therefore, if 
tNCP is long, t npa is longer th an M PA (max) 

1 7. Assumes that CAS -before- "RAS refresh, CAS -before- RAS 
refresh counter test cycle only. 
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Fig. 2 - tR AC v*. t RCD 



1 RCD ( ns ) 


Fig. 3 - Ir AC vs. t RAD 



X RAD ( nS ) 


FUNCTIONAL TRUTH TABLE 


Jfj Operation Mode • 

Clock Input 

Address fnpuB| 

Data 

. Refresh 

Note ::j;^ 

liil 



SRowli 

Coiufnrti 

Input 

Output 

Standby 

H 

H 

X 

- 

- 

- 

High-Z 

- 


Read Cycle 

D 

D 

H 

Valid 

Valid 

- 

Valid 

Yes M 

t RCS >■ t RCS ( min ) 

Write Cycle 
(Early Write) 

D 

n 

n 

Valid 

Valid 

Valid 

High-Z 

Yes *1 

t wcs> t wcs(min) 

Read-Modify-Write 

Cycle 

L 

L 

H — » L 

Valid 

Valid 

X-> 

Valid 

Valid 

Yes *1 

t CWD i t cwd ( m ‘ n ) 

RAS-only 

Refresh Cycle 

L 

H 

X 

Valid 

- 

- 

High-Z 

Yes 


CAS-before-RAS 

Refresh Cycle 

L 

L 

X 

- 

- 

- 

High-Z 

Yes 

t CSR ^ t CSR ( min ) 

Hidden Refresh 

Cycle 

H — » L 

L 

X 

- 

- 

- 

Valid 

Yes 

Previous data is 
kept 


Notes: 

X : “H” or “L** 

*1: It is impossible in Nibble Mode. 
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Fig. 4 - READ CYCLE 



■ "H" or t* 


DESCRIPTION 

The read cy cle is exe cuted by keeping both RAS and CAS “L” and keeping WE “H" throug hout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectively. The data output re main s valid with CAS “L", ie., if CAS goes “H” , the data beco m es inv alid after tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 
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Fig. 5 - write CYCLE ( Early Write ) 



n 

DESCRIPTION 

The write cycle is exe cuted by thesame manner as read cycle except for the state of WE and DIN pins. The data on DIN pin islatched with the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied with the 
specifications. 
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Fig. 10 -raS-qnly refresh cycle 
NOTE: A9, WE, DIN = M H ” or “ L ” 



DESCRIPTION 



Refresh of RAM memory cells is accomplished by perf ormin g a read, a wri te, or a read- mod ify-write cycleat each of 51 2 row addresses every 
64-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refresh is perform ed b y keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RAS. During ftAS-only refresh, Dout pin is kept in a high-impedance state. 


Fig. 11 - CA5-BEFORE-RA5 REFRESH CYCLE 
NOTE: AO to A9, WE, DIN = “ H ” or “ L ” 



DESCRIPTION 

CAS-before-RAS refresh is an on -chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (tesR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
6A&-before-RAS> refresh operation. 
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Fig. 12- HIDDEN REFRESH CYCLE 




DESCRIPTION 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of CAS and cycling 
AAS. The refresh row address is provi ded b y the on -chip refresh address counter. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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PACKAGE DIMENSIONS 

(Suffix: -P) 


18- LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-I8P-M04) 




Dimensions iri 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -C) 


18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-18C-A01) 


INDEX AREA 






.900+. 010 


(22.86+0.25) 
-.055(1. 401MAX 


-- 010 .300+ .010 

.+0 ‘ 

’-c 

1 


(7 45 +0 ' 20 ) (7.62+0.25) 
' -0.25' 1 


3 0 to 9 


-.002 I 


(0 25 +0 10 ) 
-0.05' 


1 

.100±.010 


K 

- ] 1 





■n 

| 

r 


.032(0.81) 



.035+.015 

(0.89±0.38) 

' (0 46 + ®’^) 
j IU.4b_o os' 

(2.54±0.25) 

-rnm — 


~ REF 

H 




.800(20. 32)REF 

,050±.010 



200(5. 08)MAX 


13 4 - r .016 40 + 0.41 

1J4 -.014 (J - 40 -0.36 ) 


D 1988 FUJITSU LIMITED D18014S-4C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER 



2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package. 

Dimensions in 

©1989 FUJITSU LIMITED C26064S-1C inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PSZ) 


20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 

(Case No. : ZIP-20P-M02) 



LEAD No. 



©1989 FUJITSU LIMITED Z20002S-4C 


Dimensions in 
inches (millimeters) 
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CMOS DRAMs 


Dynamic RAM Data Book 


November 1990 
Edition 3.0 


FUJITSU 


. :iiz:i::-.::i”r==zz= : i -in: DATA SHEET " " " — 

MB8ICIOOIA-6O/-70/-8O/-10 

CMOS 1,048,576 BIT NIBBLE MODE DYNAMIC RAM 


CMOS 1M x 1 Bit Nibble Mode DRAM 

The Fujitsu MB81C1001A is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bit. The MB81C1001A has been designed for mainframe 
memories, buffer memories, and peripheral storage applications requiring high speed, 
low power dissipation, or compact layout. 

Fujitsu’s advanced three-dimensional stacked capacitor cell technology gives the 
MB81C1001A high a-ray soft error immunity. CMOS technology is used in the 
peripheral circuits to provide low power dissipation and high speed operation. 


Features 


Parameter 

MB81C1001A 

-60 

MB81C1001A 

-70 

MB81C1001A 

-80 

MB81C1001A 

-10 

HAS Access Time 

60 ns max. 

70 ns max. 

80 ns max. 

100 ns max. 

Random Cycle Time 

130 ns min. 

140 ns min. 

155 ns min. 

180 ns min. 

Address Access Time 

30 ns max. 

35 ns max. 

40 ns max. 

50 ns max. 

CAS Access Time 

15 ns max. 

20 ns max. 

20 ns max. 

25 ns max. 

Fast Page Mode 

Cycle Time 

45 ns min. 

40 ns min. 

40 ns min. 

45 ns min. 

Low Power Dissipation 
• Operating Current 

407 mW max. 

374 mW max. 

341 mW max. 

297 mW max. 

• Standby Current 

11 mW max. (TTL level)/5.5 mW max. (CMOS level) 


• 1 ,048,576 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 512 refresh cycles every 8.2 ms 

• Common I/O capability by using 
early write 


• RAS only, CAS-before-RAS, or 
Hidden Refresh 

• Fast Page Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V|N. VoUT 

-1 to +7 

V 

Voltage of Vcc supply relative to V S s 

Vcc 

-1 to +7 

V 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

°C 

Plastic 

-55 to +125 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



* FPT— 24P— M04 / * FPT-24P-M05 
* : Available for 70/80/100 ns versions 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics. Inc. 
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PIN ASSIGNMENTS AND DESCRIPTIONS 


18-Pin DIP: 


26— Pin SOJ: 

24-Pln FPT : 

(TOP VIEW) 

(T 

(TOP VIEW) 

(TOP VIEW) 


„ ... Jin 


<Normal Bend : FPT-24P-M04> 



: :P!W;ignjpjfQr; : 


din 


dout 


WE 




Function 


Data Input. 


Data Output. 


Write Enable. 


Row address strobe. 


No connection. 


Address inputs. 


+5 volt power supply. 


Test Enable (will be available). 


Column address strobe. 


Circuit ground. 




20-Fin ZIP: 

(TOP VIEW) 


. 4“ 6“ 8“ 10“ 12“ 14. • 16i • 18“ 20“ 

TTl-trTllTTJ-tTTi-trClJtrtllrTliTTl-lrTl-tTTlJt 

1*J 3* • 5*J 7* 9* • 11' 13’ 15’’ 17LJ 19' ’ 


9 d out d in RAS nc. Aq 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

p Notes® 

Supply Voltage 

□ 

Input High Voltage, all inputs 

□ 

Input Low Voltage, all inputs 

□ 


... . Ambient 

vmt Operating Temp 



2-141 






















































MB81 C1001A-60 
MB81C1001A-70 
MB81C1001 A-80 
MB81C1001 A-10 


FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one of 1 ,048,576 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separately strobed by CAS and RAS as shown in Figure 1. First, nine row address bits are input on pins A0-through-A9 
and latched with the row address strobe (RAS ) then, ten column address bits are input and latched with the column address strobe(TJA5 ). Both row 
and column addresses must be stable on or before the falling edge of CAS and RaS , respectively. The address latches are of the flow-through type; 
thus, address information appearing after tRAH (min)+ ty is automatically treated as the column address. 


WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Data is written into the MB8 1 C 1 00 1 A during write or read-modify-write cycle. The inputdata is strobed and latched by the later falling edge of CAS or 
"WE . In an early write cycle, data input is strobed by*CA3 , and set up and hold times are referenced to"CA3 . in a delayed write or read-modify-write 
cycle, *WE is set low after CAS . Thus, data input is strobed by 'WE , and set up and hold times are referenced to "WE . 


DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

IRAQ : from the falling edge of HAS when tRCD (max) is satisfied. 

tCAC : from the falling edge of CAS when tRCD is greater than tRCD, tRAD (max). 

tAA : from column address input when tRAD is greater then tRAD (max). 
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DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) Notes 3 


parameter Notes 

Symbol 

Conditions 

Values 

. Unit 

Min 

■RSI 

illlMliiill 

Output high voltage 

V OH 

IOH = -5 mA 

2.4 

— 

— 

V 

Output low voltage 

VOL 

IOL = 4.2 mA 

— 

— 

0.4 

Input leakage current (any input) 

1 l(L) 

OV < VIN ^ 5.5V; 

4.5V VCC < 5.5V; 

VSS=0V;AII other pins 
not under test =0V 

-10 

- 

10 

I^A 

Output leakage current 

! 0(L) 

OV < VOUT < 5.5V; 
Data out disabled 

-10 

- 

10 

Operating current 
(Average power | — . 
supply current) L£J 

MB81C1001A-60 

ICC, 

RAS & CAS cycling; 
tRC = m ' n 

- 

- 

74 

mA 

MB81C1001A-70 

68 

MB81C1001A-80 

62 

MB81C1001A-10 

54 

Standby current 
(Power supply 
current) 

TTL level 


■Ras=cas=vih 

- 

- 

2.0 

mA 

CMOS level 

Iv/v 2 

RAS=CAS > VCC-0.2V 

1.0 

Refresh current 
#1 (Average power 
supply current) | 2 ] 

MB81C1001A-60 

ICC 3 

CAS=VIH, RAS 
cycling; t RC = min 

- 

- 

74 

mA 

MB81C1001A-70 

68 

MB81C1001A-80 

62 

MB81C1001A-10 

54 

Nibble Mode 
current pjj 

MB81C1001A-60 

ICC 4 

RAS = VIL, CAS 
cycling; t NC = min 

- 

- 

60 

mA 

MB81C1001A-70 

55 

MB81C1001A-80 

50 

MB81C1001A-10 

43 

Refresh current 
#2 (Average power 
supply current) | g| 

MB81C1001A-60 

ICC 5 

RAS cycling ; 

CAS-before-RAS; 
t rc = m ' n 

- 

- 

74 

mA 

MB81C1001A-70 

68 

MB81C1001A-80 

62 

MB81C1001A-10 

54 
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AC CHARACTERISTICS 


(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


Cl 001 A-$0 1 MBBtClO(hA~t0 1 MS8tCl(^lA4Dl MB8fCl00lA-f6 


I Notes Symbol 


Time Between Refresh 


Random Read/Write Cycle Time 


Read-Modify-Write Cycle Time 


Access Time from RAS 


Access Time from CAS 17J1 


Column Address Access Time 


Output Hold Time 


Output Buffer Turn on Delay Time 


Output Buffer Turn off Delay Time DD 


Transition Time 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


CAS to RAS Precharge Time 


RAS to CAS Delay Time |ii t i2j 


CAS Hold Time 


CAS Precharge Time (C-B-R cycle I i 17 “1 


Row Address Set Up Time 


Row Address Hold Time 


Column Address Set Up Time 


Column Address Hold Time 


RAS to Column Address Delay Time I 13 i t RAD 


tpAI 


Column Address to RAS Lead Time 


Read Command Set Up Time 


Read Comma nd Ho ld Time 
Referenced to RAS 


Read Comma nd Ho ld Time 
27 Referenced to CAS 


Write Command Set Up Time 


Write Command Hold Time 


WE Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


DIN Set Up Time 


DIN Hold Time 
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AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 



Parameter 

l Notesi; 

Symbol 


MB8lCl0frlA-70 

MBdtCibdiAMo 

MB8lClS0lA-l0 

Unit 

Hill 

Ma* 

Hi! 

M** 

Bill 

«iii 

111!! 

Max 


RAS to WE Delay Time 

1 15 1 

t RWD 

60 

- 

70 

- 

80 

— 

100 

- 

ns 

KIM 

CAS to WE Delay Time 

1 15 1 

t CWD 

15 

— 

20 

— 

20 

— 

25 

— 

ns 

m 

Column Address to WE Delay Time | 15 1 

t AWD 

30 

— 

35 

— 

40 

— 

50 

— 

ns 



t RPC 

0 

- 

0 

- 

0 

- 

0 

- 

ns 

39 

CAS Set Up Time for CAS-before 
-RAS Refresh 

t CSR 

0 

- 

0 

- 

B 

- 

0 

- 

ns 

40 

CAS Hold Time for CAS-before 
-RAS Refresh 

t CHR 

10 

- 

10 

■ 

12 

- 

15 

- 

ns 

50 

Nibble Mode Read/Write 

Cycle Time 

t NC 

35 

- 

40 

- 

40 

- 

45 

- 

ns 

H 

Nibble Mode Read-Modify- 
Write Cycle Time 

t NRWC 

52 

- 

60 

- 

60 

- 

70 

- 

ns 

B 

Access Time from CAS 

Precharge 

Kiel 

t NPA 

n 

30 

■ 

35 

■ 

35 

B 

40 

ns 

53 

Nibble Mode CAS 

Precharge Time 

t NCP 

10 

- 

10 

- 

10 

- 

10 

- 

ns 


Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc de pends on the number of address change as RaS = Vil and 
CAS = Vih. 

Icci , Iceland Ices are s pecifi ed at three time of address change 
during RAS = Vil and CAS = Vih. 

Icc4 i s spe cified at one time of address change during AAS = Vil 
and CAS = Vih. 

3. An Initial pause ( RAS = CAS = VjH) of 200jis is required after 
power-up followed by any eight AAS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimu m of eight CAS -before-AAS initialization 
cycles instead of 8 AAS cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRCD^ tRCD (max), tRAO^ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that Ircd exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD > tRCD (max), tRAD > tRAD (max), and tAsc > tAA - tcAc - 
t t , access time is tcAc . 

8. If tRAD > tRAD (max) and Iasc < tAA - tcAc - 1 t , access time is 
tAA . 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 

impedance state. 


1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tcAc or tAA . 

12. tRCD (min) = tRAH (min)+ 2tT + tASC (min). 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAc or t aa . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wes , t cwd , t.RWD and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 
characteristic only. If twes > t wes (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 
thoughout the entire cycle. If t cwd > t cwd (min), tRwo >t 
rwd (min) , and t awd > t awd (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin , and write operation can be exected by satisfying fcwL , t 
cwl , and tRAL specifications. 

16 tNPA is access time from th e selec tion of a new column address 
(that is caused by changing CAS from “L" to “H”). Therefore, if 
tNCP is long, t NPA is longer t han tN PA (max) : 

1 7. Assumes that CAS -before- RaS refresh, CaS -before-AAS 
refresh counter test cycle only. 
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'UNCTSONAl TRUTH TABLE 


Operation Mode 


Standby 


Read Cycle 


Write Cycle 
(Early Write) 


Read-Modify-Write 

Cycle 


RAS-only 
Refresh Cycle 


CAS-before-RAS 
Refresh Cycle 


Hidden Refresh 
Cycle 


Crock Input f Address Input 


: |Rdw|[ CduBm I Input t Output! 


H H 



H Valid Valid 


Yes ^ t rcs ^ t rcs ( min ) 


Valid Valid Valid High-2 Yes t wcs-^ t wcs( m m) 


H — > L I Valid Valid Valid Yes *1 t CWD i t CWD (min) 


High-Z Yes 


High-Z Yes t CS r ^ t C sr (min) 


Valid Yes 


Previous data is 
kept 


Valid 


Notes: 

X : “H" or 1" 

*1 : It is impossible in Nibble Mode. 
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Fig. 4 - READ CYCLE 



A to A ,H 

M o OM 9 w 

v ii “ 


DESCRIPTION 

The read cy cle is exe cuted by keeping both RAS and CAS “L" and keeping WE “H" throughout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectively. The data output re main s valid with CAS “L”, ie., if CAS goes “H" , the data beco m es inv alid after tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 
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Fig. 5 - WRITE CYCLE ( Early Write ) 



“H* or 1“ 

DESCRIPTION 

The write cyde is exe cuted by the s ame manner as read cyde except for the state of WE and DIN pins. The data on DIN pin islatched with the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied with the 
specifications. 
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Fig. 6 - READ WRITE/READ-MODIFY-WRITE CYCLE 


RAS 


CAS 


Ao to Ao 


WE 


Din 


Dout 



□ 


DESCRIPTION 

The read-modify-write cycle is executed by changing WE from "H” to “L" after the data appears on the DOUT pin. 
After the current data is read out, modified data can be rewritten into the same address quickly. 
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Fig. 9 - NIBBLE MODE READ-MODIFY-WRITE CYCLE 
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Fig. 10- RAS-ONLY REFRESH CYCLE 
NOTE: A9, WE, DIN = “ H ” or “ L ” 



Refresh of RAM memory cells is accomplished by perf ormin g a read, a wri te, or a read- mod ify-write cycleat each of 51 2 row addresses every 
8.2-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refr esh i s perfor med b y keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RAS. During 'KRS-only refresh, Dout pin is kept in a high-impedance state. 


Fig. 11 - CaS-before-ra§ refresh cycle 

NOTE: AO to A9, WE, DIN = “ H ” or “ L ” 



DESCRIPTION 

CAS-before-RAS refresh is an on -chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (tesR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refr esh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
CAS-before-RAS refresh operation. 
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Fig. 12 - HIDDEN REFRESH CYCLE 



□ "H'or-L* 

DESCRIPTION 

A hid den refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of CAS and cycling 
HAS. The refresh row address is provid ed by the on-chip refresh address counter. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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Fig. 13 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 



A sp ecial ti ming s equence using the CAS- before -RAS r efres h counter test cycle provides a convenient method to verify t he fun ctionality of 
CAS-before-RAS refresh circuitry. If, after a CAS-before-RAS refresh cycle. CAS makes a transition from High to Low while RAS is held Low, 
read and write operations are enabled as shown above. Row and column addresses are defined as follows: 


Row Address: Bits AO through A9 are defined by the on-chip refresh counter. The bit A9 is set high internall y. 
Column Address: Bits AO through A9 are defined by latching levels on A0-A9 at the second falling edge of CAS. 


The CAS-before-RAS Counter Test procedure is as follows ; 

1) Initialize the internal refresh address counter by using 8 CAS-before-RAS refresh cycles. 

2) Use the same column address throughout the test. 

3) Write “0" to all 512 row addresses at the same column address by using normal write cycles. 

4) Read M 0” written in procedure 3) and check; simultaneously write “1" to the same addresses by using CAS-before-RAS refresh 
counter test (read-modify-write cycles). Repeat this procedure 512 times with addresses generated by the internal refresh 
address counter. 

5) Read and check data written in procedure 4) by using normal read cycle for all 51 2 memory locations. 

6) Complement test pattern and repeat procedures 3), 4), and 5). 


(At recommended operating conditions unless otherwise noted.) 


■ 

Parameter 

Symbol 

M B81C1 001 A«€0 

Mj38&10D1A’~7a 

MB81C1001A~80 

MfiaibtdbiA^ici 

111 ! 

ilffli 

IBBSi 

■THi 

WMM 

■ffli 

IKffii 

WtTX 

iiHii 

90 

inas^B 

® FCAC 

- 

40 

- 

45 

— 

50 

— 

60 


19 

CAS to WE Delay Time 

l FCWD 

40 

— 

45 

- 

50 

- 

60 

- 

n 


Note . Assumes that CAS-before-RAS refresh counter test cycle only. 
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PACKAGE DIMENSIONS 

(Suffix: -P) 


18-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-1 8P-M04) 




©1988 FUJITSU LIMITED D18015S-4C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -C) 

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-1 8C-A02) 



©1989 FUJITSU LIMITED D18018S-1C inches (millimeters). 
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PACKAGE DIMENSIONS (Continued) 


(Suffix: -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LCC-26P-M04) 


.675+ 005 
(17.15 + 0.13) 


.140(3.55) MAX. 
.089(2.25) NOM. 
.025(0.64) MIN. 


LEAD No.dr 

.050+ .005 
(1.27 + 0.13) 


> f 


© © 

/ V 


.600(15.24) REF. 


.332+ 005 
(8.43 + 0.13) 


.300(7.62) 

NOM. 



.098(2.50) NOM. 



.268+ 020 
(6.81 +0.51) 


Details of "A" part 

! .032(0.81) 

MAX 


.01 7 + .004 
(0.43 + 0.10) 


) 1990 FUJITSU LIMITED C26054S-1C 


NOTE: 1.*: This dimension includes resin protrusion. (Each side: .006(0.1 5)MAX) 

2. Although this package has 20 leads only, its pin positions are the same as that 
that of 26-lead package. 

3. Dimensions in inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 
(CASE NO.: ZIP-20P-M02) 



LEAD No. 



©1989 FUJITSU LIMITED Z20002S-4C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PFTN ) 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M04) 



Dimensions in 

©1990 FUJITSU LIMITED F24020S-2C inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PFTR) 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M05) 
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CMOS DRAMs 


Dynamic RAM Data Book 
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November 1990 
Edition 2.0 


DATA SHEET 


FUJITSU 


MB81C1001A-70U-80L/-10L 

CMOS 1,048,576 BITNIBBLE MODE DYNAMIC RAM 


CMOS 1M x 1 Bit Nibble Mode DRAM 

The Fujitsu MB81C1001A is a CMOS, fully decoded dynamic RAM organized as 
1,048,576 words x 1 bit. The MB81C1001A has been designed for mainframe 
memories, buffer memories, and peripheral storage applications requiring high speed, 
low power dissipation, or compact layout. 

Fujitsu’s advanced three-dimensional stacked capacitor cell technology gives the 
MB81C1001A high a-ray soft error immunity. CMOS technology is used in the 
peripheral circuits to provide low power dissipation and high speed operation. 


Features 


Parameter 

MB81C1001A 

-70L 

MB81C1001A 

-80L 

MB81C1001A 

*10L 

RAS Access Time 

70 ns max. 

80 ns max. 

100 ns max. 

Random Cycle Time 

140 ns min. 

155 ns min. 

180 ns min. 

Address Access Time 

35 ns max. 

40 ns max. 

50 ns max. 

CAS Access Time 

20 ns max. 

20 ns max. 

25 ns max. 

Fast Page Mode Cycle Time 

40 ns min. 

40 ns min. 

45 ns min. 

Low Power Dissipation 
• Operating Current 

374 mW max. 

341 mWmax. 

297 mW max. 

• Standby Current 

5.5 mW max. (TTL level)/1 .4 mW max. (CMOS level) 


• 1 ,048,576 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

o All input and output are in- 
compatible 

• 51 2 refresh cycles every 8.2 ms 

® Common I/O capability by using 
early write 


• RaS only, CAS-before-RAS, or 
Hidden Refresh 

• Fast Page Mode, Read-Modify-Write 
capability 

o On-chip substrate bias generator for 
high performance 



DIP-1 8C-A02 




LCC-26P-M04 



FPT-24P-M04 / FPT-24P-M05 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions betaken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

V'-stinlt 4:1 

Voltage at any pin relative to Vss 

V|N. VoUT 

-1 to +7 

V 

Voltage of Vcc supply relative to Vss 

Vcc 

-1 to +7 

V 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

°C 

Plastic 

-55 to +125 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics. Inc. 
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MB81 Cl 001 A-70L 
MB81 Cl 001 A-80L 
MB81 Cl 001 A-1 0L 


Fig. 1 - MB81C1001A DYNAMIC RAM - BLOCK DIAGRAM 



DIN 


DOUT 


CAPACITANCE (T a = 25°C, f = 1MHz) 


P$r$rrt6t0r 

syrtitol 

Typ 


mx 

Input Capacitance, AO to A9, D| N 

— 

— 

5 

PF 

Input Capacitance, RAS, CAS, WE 


— 

5 

PF 

Output Capacitance, D out 

CqUT 

— 

6 

PF 
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PIN ASSIGNMENTS AND DESCRIPTIONS 


18-Pln DIP: 

(TOP VIEW) 


26-PI n SOJ: 

(TOP VIEW) 




Designator 

Function 

din 

Data Input. 

DoUT 

Data Output. 

WE 

Write Enable. 

RAS 

Row address strobe. 

NC 

No connection. 

AO to A9 

Address inputs. 

VCC 

+5 volt power supply. 

TE 

Test Enable (will be available). 

CAS 

Column address strobe. 

VSS 

Circuit ground. 


24-Pln FPT : 

(TOP VIEW) 

<Normal Bend : FPT-24P-M04> 




I A8 
I A7 
I A6 
I A5 


3 Vcc 

] A3 


] AO 
1 A1 
I A2 
) A3 
3VCC 


] A6 
1 A7 
1 A8 


20-PI n ZIP: 

(TOP VIEW) 


CAS V ss WE TE NC. A, 


£_ IT 3 ! 4F? 6*^ sH ToR i2r« u “ i6«^ ieFI 20«1 \ 

\ 1LJ 3 !__! 5!_* 7L4 9!_! 11 LJ 13L- 15VJ 17LJ 19L! / 


A 9 °OUT d IN RAS NC. A Q 


^ 2 Vcc A 5 A 7 


RECOMMENDED OPERATING CONDITIONS 


Parameter Notes 

Symbol 

Min 

Typ 

Max 

Unit 

Ambient 

Operating Temp ... 

Supply Voltage | 1 | 

Vcc 

4.5 

5.0 

5.5 

D 

0 °C to +70 °C 

Vss 

0 

0 

0 

Input High Voltage, all inputs 1 I | 

VIH 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs | 1 | 

VIL 

-2.0 

- 

0.8 

V 
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FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty input bits are required to decode any one of 1 ,048,576 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separately strobed by CAS and RaS as shown in Figure 1 . First, nine row address bits are input on pins A0-through-A9 
and latched with the row address strobe (RAS ) then, ten column address bits are input and latched with the column address strobe(‘CA3 ). Both row 
and column addresses must be stable on or before the falling edge oft AS and RAS , respectively. The address latches are of the flow-through type; 
thus, address information appearing after tRAH (min)+ tr is automatically treated as the column address. 


WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Data is written into the MB8 1 C 1 00 1 A during write or read-modify-write cycle. The inputdata is strobed and latched by the later falling edge of CAS or 
. In an early write cycle, data input is strobed by "CAS , and set up and hold times are referenced toCAS . In a delayed write or read-modify-write 
cycle, *WE is set low after CAS . Thus, data input is strobed by "WE , and set up and hold times are referenced to "WE . 


DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

tRAC : from the falling edge of RAS when tRCD (max) is satisfied. 

tCAC : from the falling edge of CAS when tRCD is greater than tRCD , tRAD (max). 

tAA : from column address input when Irad is greater then tRAD (max). 
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DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) Notes 3 


Parameter Notes 

Symbot 

Conditions 

Values 


Min 

■ni 

Max 

Unit 

Output high voltage 

V OH 

IOH =-5mA 

2.4 

— 

— 

V 

Output low voltage 

V 0 L 

IOL = 4.2 mA 

— 

— 

0.4 


Input leakage current (any input) 

1 l(L) 

0 V < VIN < 5.5V; 

4.5V < VCC < 5.5V; 
VSS=0V;AII other pins 
not under test =0V 

-10 

- 

10 

M-A 

Output leakage current 

1 O(L) 

0V < VOUT < 5.5V; 
Data out disabled 

-10 



10 

Operating current 
(Average power . — . 
supply current) 1 2 I 

MB81C1001A-70L 

ICCi 

RAS & CAS cycling; 
t RC = min 

- 

- 

68 

mA 

MB81C1001A-80L 

62 

MB81C1001A-10L 

54 

Standby current 
(Power supply 
current) 

TTL level 

ICC 2 

*RAS=CAS=VIH 

- 

- 

1.0 

mA 

CMOS level 

RAS=CAS > VCC-0.2V 

0.25 

Refresh current 
#1 (Average power 
supply current) | 2 ] 

MB81C1001A-70L 

ICC 3 

CAS=VIH, RAS 
cycling; t RC = min 

- 

- 

68 

mA 

MB81C1001A-80L 

62 

MB81C1001A-10L 

54 

Nibble Mode 
current QT| 

MB81C1001A-70L 

ICC 4 



- 

55 

mA 

MB81C1001A-80L 

RAS = VIL, CAS 
cycling; t NC = min 

50 

MB81C1001A-10L 

43 

Refresh current 
#2 (Average power 
supply current) j 2 1 

MB81C1001A-70L 

ICC 5 

RAS cycling ; 

CAS-before-RAS; 
t rc = min 

- 

~ 

68 

mA 

MB81C1001A-80L 

62 

MB81C1001A-1 0L 

54 

Battery Back up 
current 

(Average power 
supply current) 

MB8 1 C 1 00 1 A-70L 

ICC 6 

RAS cycling ; 

CAS-before-RAS ; 
tRc =125 [is, tRAS =min. 
to 1 jis, DouT=open. 
Other pin > Vcc-0.2V or 
< 0.2V 

- 

- 

250 

H A 

MB81C1001A-80L 

MB81C1001A-10L 
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AC CHARACTERISTICS 


(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


No, 

Parameter 

Notes 

Symbol 

iltilfllt 


MB 81 Cl 00 1 A 
-80L 

MB81C1001A 

-101* 


1IM1 


ifMl 

IfMI 

MM 



1 

Time Between Refresh 

Iref 

- 

64 

- 

64 

- 

64 


2 

Random Read/Write Cycle Time 

*rc 

140 


155 

- 

180 

- 

dfl 

B 

Read-Modify-Write Cycle Time 

EBE 

160 

- 

180 

- 

210 

- 

d 

4 

Access Time from RAS 


■m 

- 

70 

- 

80 

- 

100 

■ 

5 

Access Time from CAS 

1 7,9 1 

MSM 

- 

20 

- 

20 

- 

25 

19 

6 

Column Address Access Time 

|8,9| 

mm 

- 

35 

- 

40 

- 

50 

n 

7 

Output Hold Time 

toH 

0 

- 

0 

- 

0 

- 

— 

8 

Output Buffer Turn on Delay Time 

HE 

0 

- 

0 

- 

0 

- 

d 

9 

Output Buffer Turn off Delay Time 

no~i 

Wf 

— 

15 

— 

20 

— 

25 

BE 

m 

Transition Time 

t T 

2 

50 

2 

50 

2 

50 

ESI 

m 

RAS Precharge Time 

Irp 

60 

- 

65 

- 

70 

- 

ESI 

m 

RAS Pulse Width 

Iras 

70 

100000 

80 

100000 

100 

100000 

d 

m 

RAS Hold Time 

MUM 

20 

- 

20 

- 

25 

- 

19 

m 

CAS to RAS Precharge Time 

tcRP 

0 

- 

0 

- 

0 

- 

19 

o 

RAS to CAS Delay Time 


mi 

20 

50 

22 

60 

25 

75 

19 

o 

CAS Pulse Width 

*CAS 

20 

— 

20 

— 

25 

— 

19 

D 

CAS Hold Time 

m 

70 

- 

80 

- 

100 

- 

E9 

18 

CAS Precharge Time (C-B-R cycle) 1 17 1 

MM 

20 

- 

20 

- 

20 

- 

d 

Q 

Row Address Set Up Time 

UsR 

0 

— 

0 

— 

0 

— 

ns j 


Row Address Hold Time 

t RAH 

10 

- 

12 

- 

15 

- 

BE 

□ 

Column Address Set Up Time 

t A SC 

0 

- 

0 

- 

0 

- 

131 

W & 1 

Column Address Hold Time 

BB 

12 

- 

15 

- 

15 

- 

19 

BH 

RAS to Column Address Delay Timel 13 1 

^ RAO 

15 

35 

17 

40 

20 

50 

19 

El 

Column Address to RAS Lead Time 

^ RAL 

35 

- 

40 

- 

50 

- 

19 

m 

Read Command Set Up Time 

Ircs 

0 

- 

0 

- 

0 

- 

91 


Read Command Hold Time 
Referenced to RAS 

1 14 | 

^ RRH 

0 

- 

b 

- 

0 

- 

ns 

□ 

Read Command Hold Time 
Referenced to CAS 

1 14 | 

*RCH 

0 

H 

B 

B 

B 

B 

ns 

m 

Write Command Set Up Time 

1 15 1 

twcs 

0 


d 





o 

Write Command Hold Time 

twCH 

10 

- 

12 

- 

15 

- 

131 

KM 

WE Pulse Width 

t WP 

10 

— 

12 

- 

15 

— 

ESI 

El 

Write Command to RAS Lead Time 

^ RWL 

15 

— 

20 

_ 

25 

_ 

19 

'KM 

Write Command to CAS Lead Time 

^ CWL 

12 

— 

15 

— 

20 

— 

ESI 


DIN Set Up Time 

^DS 

0 

— 

0 

— 

0 

— 

131 

D 

DIN Hold Time 

^DH 

10 

- 

12 

- 

15 

- 

B 
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MB81C1001 A-70L 
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AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


No. 

Parameter 

• Notes:!; 


MB81C1001A 

MB81C1001A 

lilBltCtOOtA 




Hill 


NHI 

liiii 

■ill 

IBfSl 

SgMwtg: 

mu 

RAS to WE Delay Time 

1 I® | 

t RWD 

70 

- 

80 

— 

100 

B 

ns 

EI 

CAS to WE Delay Time 

nn 

* CWD 

20 

— 

20 

— 

25 

— 

ns 

19 

Column Address to WE Delay Time | 15 | 

t AWD 

35 

— 

40 

— 

50 

— 

ns 

m 

RAS Precharge Time to CAS 

Active Time (Refresh Cycles) 

t RPC 

0 

- 

H 

- 

B 

- 

ns 

39 

CAS Set Up Time for CAS-before 
-RAS Refresh 

t CSR 

B 

— 

n 

- 

D 

- 

ns 

40 


t CHR 

10 

- 

12 

- 

15 

- 

ns 


Nibble Mode Read/Write 

Cycle Time 

t NC 

40 

- 

40 

- 

45 

- 

ns 

D 

Nibble Mode Read-Modify- 
Write Cycle Time 

t NRWC 

60 

- 

60 

H 

70 

- 

ns 

B 

Access Time from CAS 

Precharge 


t NPA 

- 

35 

- 

35 

B 

40 

ns 

53 

Nibble Mode CAS 

Precharge Time 

t NCP 

10 

- 

10 

- 

10 

- 

ns 


Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc de pends on the number of address change as RAS = Vil and 
CAS = Vih. 

Icci, Iceland Ices are s pecifi ed at three time of address change 
during RaS = Vil and CAS = Vih. 

Icc4 i s spe dfied at one time of address change during RAS = Vil 
and CAS * Vih. 

3. An Initial pause ( RAS = CaS = VIH) of 200|ls is required after 
power-up followed by any eight RAS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimu m of eight CAS -before-RAS initialization 
cycles instead of 8 RAS cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. Vih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRco^ tRCD (max), tRAD^ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD > tRCD (max), tRAD > tRAD (max), and tASC > tAA - tCAC - 
t t , access time is tCAC . 

8. If tRAD ^ tRAD (max) and tASC ^ tAA - tCAC - 1 t , access time is 
tAA . 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 

impedance state. 


1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tCAC or tAA . 

12. tRCD (min) = tRAH (min)+ 2tT + tASC (min). 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is spedfied as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exdusively by tCAC or tAA . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wes , t cwd , t.RWD and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 
characteristic only. Iftwcs >twcs (min), the cyde is an early 
write cyde and Dout pin will maintain high impedance state 
thoughout the entire cycle. If t cwd > t cwd (min), t rwd >t 
rwd (min) , and t awd > t awd (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin , and write operation can be exected by satisfying tawL , t 
cwl , and tRAL specifications. 

16 tNPA is access time from th e selec tion of a new column address 
(that is caused by changing CaS from t" to "H"). Therefore, if 
tNepis long, t npa is longer t han In pa (max) 

1 7. Assumes that CAS -before- RAS refresh, CAS -before- RAS 
refresh counter test cyde only. 
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MB81C1001 A-70L 
MB81C1001A-80L 
MB81C1001A-10L 


Fig. 2 - 1 RAC vs. tpcD 


Fig. 3 - 1 r ac vs. tR AD 




FUNCTIONAL TRUTH TABLE 


Operation Mode 

crock 

Hit 

Address Input 

■HHHNMH 

Refresh 

Note 

1 

Bifi 

mrm 

Row 

Column! 

input 

Output 

Standby 

H 

H 

a 

- 

- 

- 

High-Z 

- 


Read Cycle 

B 

B 

H 

Valid 

Valid 

H 

Valid 

Yes 

t RCS ^ t rcs ( min ) 

Write Cycle 
(Early Write) 

L 

L 

L 

Valid 

Valid 

Valid 

High-Z 

Yes #1 

t wcs^ t wcs(m>n) 

Read-Modify-Write 

Cycle 

B 

B 

H — > L 

Valid 

Valid 

Hill 

Valid 

Yes *1 

t CWD i t cwd ( m ' n ) 

RAS-only 

Refresh Cycle 

L 

H 

X 

Valid 

- 

n 

High-Z 

Yes 


CAS-before-RAS 

Refresh Cycle 

a 

B 

X 

- 

- 

- 

High-Z 

Yes 

t CSR ^ t CSR ( min ) 

Hidden Refresh 

Cycle 

H — > L 

B 

B 

B 

- 

- 

Valid 

Yes 

Previous data is 
kept 


Notes: 

X : “H" or “L" 

*1 : It is impossible in Nibble Mode. 
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Flg. 4 - READ CYCLE 



A_to A a ,H 
09 V„ - 


DESCRIPTION 

The read cy cle is exe cuted by keeping both RAS and CAS "L" and keeping WE “ H" throug hout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectively. The data output re main s valid with CAS “L", ie. , if CAS goes “H H , the data beco m es inv alid after tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 
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Fig. 5 - WRITE CYCLE ( Early Write ) 



"H" or 1* 

DESCRIPTION 

The write cycle is exe cuted by the s ame manner as read cycle except for the state of WE and DIN pins. The data on DIN pin islatched with the 
later falling edge of CAS or WE and written into memory. In addition, during write cycle, tRWL and tRAL must be satisfied with the 
specifications. 
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RAS 


Ao toA8 




V,H~ 
V|L — 


V, H — 
V| L “ 


V,H — 

V| L — 


DOUT ^OH — 
V OL 


DESCRIPTION 


Fig. 10- RAS-ONLY REFRESH CYCLE 
NOTE: A9, WE, DIN = “ H ” or “ L ” 


IRC 

^ tRAS * 


E 

f 5 

** tRP *1 







tCRP 

-yr 


BC 




■ HIGH-Z ■ 




Refresh of RAM memory cells is accomplished by perf ormin g a read, a writ e, or a read- mod ify-write cycleat each of 51 2 row addresses every 
8.2-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refr esh i s perfor med b y keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RAS. During RAS-only refresh, Dout pin is kept in a high-impedance state. 


Fig. 11 - Ca 5-BEFORE-RA5 REFRESH CYCLE 
NOTE: A0 to A9, WE, DIN = “ H ” or “ L ” 



DESCRIPTION 

CAS-before-RAS refresh is an on -chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (tcsR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
6AS-before-RAS refresh operation. 
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Fig. 12 - HIDDEN REFRESH CYCLE 



f I “ H “ or “ L ” 

DESCRIPTION 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of CAS and cycling 
RAS. The refresh row address is provid ed by the on -chip refresh address counter. This eliminatesthe need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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Flg. 13 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


RAS 

CAS 

Ao to Aq 

WE 

(Read) 


Dout 


(OOr^e) 


Din 



DESCRIPTION 


□ 


H-or-L" 


A sp ecial ti ming s equence using the CAS- before -RAS r efres h counter test cycle provides a convenient method to verify t he fun ctionality of 
CAS-before-RAS refresh circuitry. If, after a CAS-before-RAS refresh cycle. CAS makes a transition from High to Low while RAS is held Low, 
read and write operations are enabled as shown above. Row and column addresses are defined as follows: 


Row Address: Bits AO through A9 are defined by the on-chip refresh counter. The bit A9 is set high internally. 
Column Address: Bits AO through A9 are defined by latching levels on A0-A9 at the second falling edge of 6AS. 


The CAS-before-RAS Counter Test procedure is as follows ; 

1) Initialize the internal refresh address counter by using 8 CAS-before-RAS refresh cycles. 

2) Use the same column address throughout the test. 

3) Write “0" to all 512 row addresses at the same column address by using normal write cycles. ___ 

4) Read “0" written in procedure 3) and check; simultaneously write "1 " to the same addresses by using CAS-before-RAS refresh 
counter test (read-modify-write cycles). Repeat this procedure 512 times with addresses generated by the internal refresh 
address counter. 

5) Read and check data written in procedure 4) by using normal read cycle for all 51 2 memory locations. 

6) Complement test pattern and repeat procedures 3), 4), and 5). 


!il 

Parameter 

Symbol 

ppma 

BH 1 I 8 


Unit 

HI 

illffll 

insi 


IHfll 


Access Time from CAS 

* FCAC 

— 

45 

- 

50 — 

60 

n 

E9 

CAS to WE Delay Time 

1 FCWD 

45 

- 

50 

— 60 

— 

19 


Note . Assumes that CAS-before-RAS refresh counter test cycle only. 
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PACKAGE DIMENSIONS 

(Suffix: -P) 


18-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-1 8P-M04) 



Dimensions in 

©1988 FUJITSU LIMITED D18015S-4C inches (millimeters) 
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MB81C1001A-70L 
MB81 Cl 001 A-80L 
MB81C1001A-10L 

PACKAGE DIMENSIONS (continued) 

(Suffix: -C) 

18-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-18C-A02) 



©1989 FUJITSU LIMITED D18018S-1C 


Dimensions in 
inches (millimeters). 






MB81C1001 A-70L 
MB81C1001A-80L 
MB81C1001A-10L 


PACKAGE DIMENSIONS (Continued) 

(Suffix: -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LCC-26P-M04) 

* .675 ± 005 

( 1 7.1 5 ± 0 . 1 3 ) "1 * 


.140(3.55) MAX. 
.089(2.25) NOM. 
.025(0.64) MIN. 


v 1 T 

® <§> @ @ 


LEAD No.© X 

.050+ 005 
(1.27 + 0.13) 


® © ©, 


I .100(2.54) 

r fyp 

-.600(15.24) REF. 



.332+ 005 
(8.43 + 0.13) 


.300(7.62) 

NOM. 



.268+ 020 
(6.81 ±0.51) 


1.098(2.50) NOM. 


Details of "A" part 


•032(0.81) 

MAX 


.01 7 ±.004 
(0.43 ±0.10) 


>1990 FUJITSU UNITED C26054S-1C 


NOTE: 1 » :This dimension includes resin protrusion. (Each side: .006(0. 15)MAX) 

2. Although this package has 20 leads only, its pin positions are the same as that 
that of 26-lead package. 

3. Dimensions in inches (millimeters) 
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MB81C1001 A-70L 
MB81C1001 A-80L 
MB81C1001 A-10L 


PACKAGE DIMENSIONS (Continued) 


20-LEAD PLASTIC ZIGZAG-IN-LINE PACKAGE 
(CASE NO.: ZIP-20P-M02) 




©1989 FUJITSU LIMITED Z2D0D2S-4C 


Dimensions in 
inches (millimeters) 
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MB81 Cl 001 A-70L 
MB81C1001A-80L 
MB81C1001A-10L 


PACKAGE DIMENSIONS (Continued) 

(Suffix: -PFTN ) 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE NO.: FPT-24P-M04) 



Details of "A” part 

.006 ( 0 . 15 ) 
MAX 




©1990 FUJITSU LIMITED F24020S-2C 


Dimensions in 
inches (millimeters) 
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MB81C1001A-70L 
MB81C1001 A-80L 
MB81C1001A-10L 


PACKAGE DIMENSIONS (Continued) 

(Suffix: -PFTR) 


24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M05) 


LEAD No. © 

^ 

^jS> 

SXg 

o tU® 

^ INDEX 


®-^| o 



^9 


.591 + .008 



.020± .004 
(0.50±0. 10) 


Details of “A" part 


.006 (0.15) 
MAX 



f) .014(0.35) I 
TT MAX | 


I 


.567 ±.008 
(14.40 ±0.20) 

.630 ±.008 
( 1 6 . 00 ± 0 . 20 ) 


.0197 (0.50) 
TYP 


.006 ±.002 
(0.1 5±0.05) 


0(0) MIN 
(STAND OFF) 


.217(5.50) 

REF 

2 36±.008 > 

, ( 6 . 00 ± 0 . 20 " 


1990 FUJITSU LIMITED F24021S-2C 


.047(1.20) MAX 
(SEATED HEIGHT) 


Dimensions in 
inches (millimeters) 
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CMOS DRAMs 


Dynamic RAM Data Book 
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March 1990 
Edition 2.2 


cP 


DATA SHEET 

MB81C4256-70/-80/-10/-12 

CMOS 1,048,576 BIT FA ST PAGE MODE DYNAMIC RAM 



CMOS 256 x 4 Bits Fast Page Mode DRAM 

The Fujitsu MB81C4256 is a CMOS, fully decoded dynamic RAM organized as 
262, 1 44 words x 4 bits. The MB81 C4256 has been designed for mainframe memories, 
buffer memories, and video image memories requiring high speed and high bandwidth 
output with low power dissipation. 

Fujitsu’s advanced three-dimensional stacked capacitor cell technology gives the 
MB81C4256 high a-ray soft error immunity. CMOS technology is used in the 
peripheral circuits to provide low power dissipation and high speed operation. 

This specification applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 


Features 


Parameter 

MB81C4256 

*70 

MB81C4256 

-80 

MB81C4258 

*10 

MB81C4256 

•12 

RaS Access Time 

70 ns max. 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

140 ns min. 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

43 ns max. 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

25 ns max. 

25 ns max. 

25 ns max. 

35 ns max. 

Fast Page Mode 

Cycle Time 

53 ns min. 

55 ns min. 

60 ns min. 

70 ns min. 

Low Power Dissipation 
• Operating Current 

413 mW 
max. 

385 mW 
max. 

330 mW 
max. 

275 mW 
max. 

• Standby Current 

11 mW max. (TTL level)/5.5 mW max. (CMOS level) 


262,144 words x 4 bits 
organization 

Silicon gate, CMOS, 3D-Stacked 

Capacitor Cell 

All input and output are TTL 

compatible 

512 refresh cycles every 8.2 ms 
Early write or OE controlled 
write capability 


RAS only, CAS-before-RAS, or 
Hidden Refresh 

Fast Page Mode, Read-Modify-Write 
capability 

On-chip substrate bias generator for 
high performance 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V|N, VoUT 

-1 to +7 


Voltage of Vcc supply relative to V S s 

Vcc 

-1 to +7 

HBH 1 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

H 

Plastic 

-55 to +125 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 


4 # 

DIP-20P-M03 



DIP-20C-A03 




LCC-26P-M04 



ZIP— 20P-M02 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 
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MB81 C4256-70 
MB81C4256-80 
MB81C4256-10 
MB81C4256-12 


Fig. 1 - MB81C4256 DYNAMIC RAM - BLOCK DIAGRAM 



DQ1 ~ 
DQ4 


CAPACITANCE (T a = 25°C, f = 1MHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance, AO to A8 

C |N1 

— 

5 

pF 

Input Capacitance, RAS, CAS, WE, OE 

C|N2 

— 

5 

pF 

Input/Output Capacitance, DQ1 to DQ4 

Cdq 

- 

6 

pF 
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MB81 C4256-70 
MB81 C4256-80 
MB81C4256-10 
MB81 C4256-12 


PIN ASSIGNMENTS AND DESCRIPTIONS 


20-Pln DIP : 26-Pln SOJ: 

(TOP VIEW) (TOP VIEW) 




VSS 

DQ4 

DQ3 

CAS 

OE 


" 7 
*6 
A 5 
*4 


CAS DQ4 DQ1 WE NC. A 1 A 3 A 4 A 6 A8 
/ 2 ri 4 ri erT Bn io ri 12 H 14 ri 16 ni I8ri 20 H \ 

fcprLirriJCTTiJTTiirciirciiiTiJriiirTLirTiiz) 

\ ll_! 3'J 5 ■_! 7U 9jJ 11 Li 13 jj 1SU 17U 19U / 

OE 0Q3 V ss DQ2 "raS AO A2 Vcc A5 A7 


: Designator 

Function 

DQ1 to DQ4 

Data Input/ Output 

WE 

Write Enable. 

RAS 

Row address strobe. 

NC 

No connection. 

AO to A8 

Address inputs. 

VCC 

+5 volt power supply. 

OE 

Output enable. 

CAS 

Column address strobe. 

VSS 

Circuit ground. 



RECOMMENDED OPERATING CONDITIONS 


Parameter • Nole * 

Symbol 

Min 

llflllll 

Max 

Unit 


Supply Voltage | 1 | 

Vcc 

4.5 

5.0 

5.5 

■ 

0 °C to +70 °C 


0 

0 

0 

Input High Voltage, all inputs [ 1 1 

VIH 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs | 1 | 

VIL 

-2.0 

- 

0.8 

MU 

Input Low Voltage, DQ( *) | 1 | 

VILD 

-1.0 

- 

0.8 

V 


* : Undershoots of up to -2.0 volts with a pulse width not exceeding 20ns are acceptable. 
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MB81C4256-70 

MB81C4256-80 

MB81C4256-10 

MB81C4256-12 


FUNCTIONAL OPERATION 


ADDRESS INPUTS 

Eighteen input bits are required to decode any four of 1 ,048,576 celladdresses in the memory matrix. Since only nine address bits are available, the 
column and row inputs are separately strobed by CAS and RAS as shown in Figure 1 . First, nine row address bits are input on pins A0-through-A8 
and latched with the row address strobe (RA3 ) then, nine column address bits are input and latched with the column address strobe (CA5 ). Both 
row and column addresses must be stable on or before the fallingedge of CAS and HAS , respectively. The address latches are of the flow-through 
type; thus, address information appearing after tRAH (min)+ tj is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Inputdata is written into memory in either of three basic ways — an early write cycle, anOE (delayed) write cycle, and a read-modify-write cycle. The 
falling edge of WE or "CAS , whichever is later, serves as the input data-latch strobe. In an early write cycle, the inputdata (DQ1-DQ4) is strobed by 
CAS and the setup/hold times are referenced to CAS because WE goes Low before CAS . In a delayed write or a read-modify-write cycle, WE 
goes Low after CAS ; thus, input data is strobed by WE and all setup/hold times are referenced to the write-enable signal. 

DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the outputdata is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs 
are obtained under the following conditions: 

tRAC : from the falling edge of RAS when tRco (max) is satisfied. 

tCAC : from the falling edge of "CAS when tRCD is greater than tRco, tRAD (max). 

tAA : from column address input when irad is greater than irad (max). 

tOEA : from the falling edge of OE when OE is brought Low after tRAC , tcAC , or tAA 

The data remains valid until either CAS or OE returns to a High logic level. When an early write is executed, the output buffers remain in a 
high-impedance state during the entire cycle. 
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MB81C4256-70 

MB81C4256-80 

MB81C4256-10 

MB81C4256-12 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) Notes 3 


Paramter Notes 

Symbol 

Conditions 

Values 

Unit 

Jl Mn 

Typ 

; Max 

Output high voltage 

< 

0 

X 

1 OH = “5 

mm 

- 

- 

D 

Output low voltage 

V OL 

1 OL =4.2 mA 


— 

0.4 

Input leakage current (any input) 

'l(L) 

0V<V| N <5.5V; 
4.5V<V CC < 5.5V; 

Vss = OV; All other pins 
under test = OV 

-10 

- 

10 

ma 

Output leakage current 

'od) 

0V<Vout< 5.5V; 

Data out disabled 

-10 

- 

10 

Operating current 
(Average Power 
supply Current) 

□ 

MB81C4256— 70 

*001 

RAS & CAS cycling; 
tRC = min 

- 

- 

75 

mA 

MB8 1C 4256-80 

70 

MB81C4256-10 

60 

MB81C4256— 12 

50 

Standby current 
(Power supply 
current) 

TTL level 

*CC2 

RAS ="CAS =V |H 

RAS =*CAS > Vcc -0.2V 

- 

- 

2.0 

mA 

CMOS level 

1.0 

Refresh current #1 
(Average power sup- 
ply current) 1 2 I 

MB81C4256-70 

*CC3 

CAS = Vih, ftAS cycling; 
tRC = min 

- 

- 

70 

mA 

MB81C4256-80 

65 

MB81C4256-10 

55 

MB81C4256-12 

45 

Fast Page Mode 

MB8 1C 4256-70 

*CC4 

ftAS =VIL, CAS cycling; 
tpc = min 

- 

- 

47 

mA 

MB81C4256-80 

45 

current | g j 

MB81C4256-10 

40 

MB81C4256-12 

33 

Refresh current #2 
(Average power sup- 
ply current) QJ 

MB8 1C 4256-70 

*CC5 

| 

- 

- 

70 

mA 

MB81C4256-80 

RAS cycling; 
6A£-before-ttA§; 
tRC = min 

65 

MB81C4256-10 

55 

MB81C4256-12 

45 
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MB81C4256-70 

MB81C4256-80 

MB81C4256-10 

MB81C4256-12 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 















































































































































































































MB81C4256-70 

MB81C4256-80 

MB81C4256-10 

MB81C4256-12 


AC CHARACTERISTICS (Continued) 


(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 



Parameter Notes 


MB81C4256-70 



MB81C4258-12 

m 


Symbol 

WTFffW 




■Ml 

IW 

MW 


[Qj 

RAS Precharge time to CAS 

Active Time (Refresh cycles) 

1 RPC 

0 

- 

0 

n 

n 

- 

D 

- 

Q 

36 

CAS Set Up Time for CAS-before- 
RAS Refresh 

l CSR 

0 

- 

D 

- 

a 

n 

0 

- 

ss 

B 

CAS Hold Time for GAG-before- 
RAS Refresh 

1 CHR 

15 

- 

15 

- 

15 

- 

20 

- 


El 

Access Time from OE 

1 ^ | 

l OEA 


22 

- 

22 

- 

22 

- 

30 

IQ 

Q 

OutputBuffer Turn Off Delay 
from OE 

1 io | 

t 0 EZ 

- 

25 

- 

25 

- 

25 

H 

25 

19 

ra 

OE to RAS Lead Time for Valid Data 

1 OEL 

10 

— 

10 

— 

10 

— 

10 

— 

m 

■a 

OE Hold Time Referenced to WE 

DO 

*OEH 

0 

- 

0 

— 

0 

— 

0 

— 

QQ| 

m 

OE to Data In Delay Time 

toED 

25 

— 

25 

— 

25 

— 

25 

— 

|Q 

m 

DIN to CAS Delay Time 

h? 1 

t DZC 

0 

— 

0 

— 

0 

— 

0 

— 

|Q 

□ 

DIN to OE Delay Time 

|17 | 

1 DZO 

0 

- 

0 

- 

0 

- 

0 

- 

Ei 

45 

Access Time from CAS 
(Counter Test Cycle) 

* CAT 

- 

43 

- 

45 

- 

50 

- 

60 

93 


Fast Page Mode Read/Write 

Cycle Time 

1 PC 

53 

- 

55 

- 

60 

- 

70 

- 

ns 

B 

Fast Page Mode Read-Modify-Write 

Cycle Time 

1 PRWC 

105 

- 

107 

- 

115 

- 

130 

- 

ns 

D 

Access Time from CAS Precharge 

foTTs! 

1 CPA 

— 

53 

— 

55 

— 

60 

— 

70 

|Q 


Fast Page Mode CAS Precharge Time 

*CP 

10 

- 

10 

- 

10 

- 

15 

- 



Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output o pen. 

Icc de pends on the number of address change as RAS = Vil and 
GAS = Vih. 

Icci , Ic c3 and Iccsare s pecifi ed at three time of address change 
during "RAS = Vil and CaS = Vih. 

Icc4 i s spe cified at one time of address change during "RAS = Vil 
and GaS = Vih. 

3. An Initial pause (RAS =CaS = VIH) of 200JJ.S is required after 
power-up followed by any eight RaS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimu m of eight GAS -before- RAS initialization 
cycles instead of 8 RAS cycles are required. 

4. AC characteristics assume tr = 5ns 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRco^ tRCD (max), tRAD< tRAD (max). If tRco is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCD exceeds 
the value shown. Refer to Fig. 2 and 3. 

7. Assumes that tRCD^ tRCD (max), tRAD^ Irad (max). If tASC^ 
tAA - tcAC - 1 t , access time is Icac . 

8. If tRAD > tRAD (max) and tASC < tAA - tcAC - 1 t , access time is 

tAA . 


9. Measured with a load equivalent to two TTL loads and 1 00 pF. 

1 0. toFF and toEZ is specified that output buffer change to high 
impedance state. 

1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tcAC or t aa . 

12. tRCD (min) = tRAH (min)+ 2tT + tASC (min) 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by Icac or t aa . 

1 4. Either tRRH or tRCH must be satisfied for a read cycle. 

15. twcs is specified as a reference point only. If twcs > twcs 
(min) the data output pin will remain High-Z state through entire 
cycle. 

16. Assumes that twcs < twcs (min) 

1 7. Either tDZC or tDZO must be satisfied. 

1 8. tcPA is access time from th e selec tion of a new columnaddress 
(that is caused by changing GAS from "L" to "H"). Therefore, if 
tcp is shortened, tcPA is longer than Icpa (max). 

19. Assumes that GAS -before- RAS refresh, CAS -before- RAS 
refresh counter test cycle only. 
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MB81C4256-70 

MB81C4256-80 

MB81C4256-10 

MB81C4256-12 



Flg-2~t RAC vs.Ircd 


Fig- 3 - t RAC V*.Irad 

t RAC (ns) 160 


1 RAC ( nS ) 

A 

140 

// 

140 

A/ 

120 

120ns Version / / 

120 

120ns Versior ]/// 

\/ 

T// 

100 

100ns Version / 

100 

100ns Version ' 

A \ 

)/\ 


80ns Version/ j 


80ns Version | 

80 

70ns Versiop j I j 

80 

“ ] | 70ns Version 

~n i 

60 

I 1 1 1 

^ i i 1 i 

60 

- h i 

ii ■ i 

■* 

~T II 1 1 

1 M II III 1 1 r 

1 

^ II 1 

r 1 1 1 1 i 1 1 1 1 B 


20 40 60 80 100 120 


20 40 60 80 100 120 


' HCD < ns > 


1 RAD ( nS ) 


FUNCTIONAL TRUTH TABLE 



Clock Input 

llilii® 

ress 

iiiilhiiiii 

Data 

ttefreah 

3| UQteffk'r; 


Iasi 

mm 

mm 

m 



KB 

Standby 

■a 

D 

a 

D 

- 

- 

- 

High-Z 

- 


Read Cycle 

a 

n 

D 

L 

Valid 

Valid 

- 

Valid 

Yes * 

tRcs^tncs (min) 

Write Cycle 
(Early Write) 

■ 

B 

B 

B 

Valid 

Valid 

Valid 

High-Z 

Yes * 

twcs^twcs (min) 

Read-Modify- 
Write Cycle 

■ 

B 

H->L 

L— >H 

Valid 

Valid 

Valid 

Valid 

Yes * 


RAS-only 

Refresh Cycle 

B 

H 

X 

X 

Valid 

— 

— 

High-Z 

Yes 


CAS-before- 
RA& Refresh 

Cycle 

B 

D 

X 

D 

- 

- 

- 

High-Z 

Yes 

tcsR>twcsR (min) 

Hidden Refresh 

H— »L 

L 

X 

L 

- 

- 

- 

Valid 

Yes 

Previous data 
is kept. 


X; "H" or “L” 

*; It is impossible in Fast Page Mode 


2-194 












































MB81C4256-70 

MB81C4256-80 

MB81C4256-10 

MB81C4256-12 


Fig. 4 - READ CYCLE 





■ 










OF 


I 

l OH * 

I 


DQ v 0H - 

(Output) v 


(Input) V |L _ 



DESCRIPTION 

To implement a read operation, a valid address is latched in by the RAS and CAS address strobes and with WE set to a High level 
and OE set to a low level , the output is valid once the memory access time has elapsed. The access time is determined by 
RAS(tRAC), CAS(tCAC), OE (tOEA) or column addresses (tAA) under the following conditions: 

If tRCD > tRCD (max), access time = tCAC. 

If tRAD > tRAD (max), access time = tAA. 

If OE~is brought Low after tRAC, tCAC, or tAA (which ever occurs later), access time = tOEA. 

However, if either CAS or OE goes High, the output returns to a high-impedance state after tOH is satisfied. 
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MB81 C4256-70 
MB81 C4256-80 
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Fig. 5 - EARLY WRITE CYCLE ( OE = “H” or “L” ) 



||||| "H* or *L" 


DESCRIPTION 

A write cycle is similar to a read cycle except WE is set to a Low state and OE is a "H" or “L" signal. A write cycle can be imple- 
mented in either of three ways - early write, OE write (delayed write), or read-modify-write. During all write cycles, timing parame- 
ters tRWL, tCWL and tRAL must be satisfied. In the early write cycle shown above tWCS satisfied, data on the DQ pin is latched with 
the falling edge of CA§ and written into memory. 


I 
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MB81C4256-70 

MB81C4256-80 

MB81C4256-10 

MB81C4256-12 


Fig. 6 - OE ( DELAYED WRITE CYCLE ) 



DESCRIPTION 


In the OE (delayed write) cycle, tWCS is not satisfied ; thus, the data on the DQpins is latched with the falling edge of WE and 
written into memory. The Output Enable (CE) signal must be changed from Low to High before WE goes Low (tOED + tDS). 


2-197 







MB81 C4256-70 
MB81 C4256-80 
MB81C4256-10 
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Fig. 7 - READ-MODIFY-WRITE CYCLE 



DESCRIPTION 

The read-modify-write cycle is executed by changing WE from High to Low after the data appears on the DQ pins. In the 
read-modify-write cycle, (51= must be changed from Low to High after the memory access time. 
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MB81C4256-70 

MB81C4256-80 

MB81C4256-10 

MB81C4256-12 


Fig. 8 - FAST PAGE MODE READ CYCLE 
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DESCRIPTION 

The fast page mode of operation permits faster successive memory operati ons a t multiple column l ocatio ns of the same row address. 
This operation is performed by strobing in the row address and maintaining RAS at a Low level and WE" at a High level during all 
successive memory cycles in which the row address is latched. The access time is determined by tCAC, tAA, tCPA, or tOEA, which- 
ever one is the latest in occuring. 
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Fig. 9 - FAST PAGE MODE WRITE CYCLE ( OE = “H” or “L” ) 





DESCRIPTION 


The fast page mode write cycle is executed in the same manner as the fast pa ge m ode read cycle except the states of WE and OE 
are reversed. Data appearing on the D Q pin s is latched on the falling edge of CAS and written into memory. During the fast page 
mode write cycle, including the delayed (OE) write and read-modify-write cycles, tCWL must be satisfied. 
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Fig. 10 - FAST PAGE MODE OE WRITE CYCLE 



DESCRIPTION 


The fast p ag e mode OE (delayed) write cyde is executed in the same manner as the fast page mode write cyde except for the states 
of WE and OE. Input data on the DQ pins are latched on the falling edge of WE and written into memory. In the fast page mode 
delayed write cyde, UE must be changed from Low to High before WE goes Low (tOED + tDS). 
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Fig. 11 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


RAS 


CAS 


A. to A , 


WE 


DQ 

(Input) 


DQ 

(Output) 


OE 



DESCRIPTION 


During fast page mode of operation, the read-modify-write cycle can be executed by switching WE from High to Low after input 
date appears at the DQ pins during a normal cycle. 
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Fig. 12 - RAS-ONLY REFRESH (WE = OE = “H” or “L”) 



DESCRIPTION 

Refresh of RAM memory cells is accomplished by performing aread, a write, or a read-modify-write cycle at each of 51 2 row addresses every 
8.2-milliseconds. Three refresh modes are available: RTS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refresh is performed by keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RAS. During RAS-only refresh, Dout pin is kept in a high-impedance state. 


Fig. 13 - CAS-BEFORE-RAS REFRESH ( ADDRESSES = WE = OE = “H” or “L” ) 



DESCRIPTION 

CTS’-before-RTS refresh is an on-chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (tesR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
CAS-before-RAS refresh operation. 
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Fig. 14 - HIDDEN REFRESH CYCLE 



A.to A , 



WE 



DQ 

(Input) 



DQ 

(Output) 





DESCRIPTION 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of CAS and cycling 
HAS. The refresh row address is provided by the on-chip refresh addresscounter. This eliminates the need for the external row address that is 
required by DRAMs that do not have CAS- before- RAS refresh capability. 
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PACKAGE DIMENSIONS 

(Suffix : -P) 

20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-20P-M03) 



©1988 FUJITSU LIMITED D20011S-1C 


Dimensions in 
inches (millimeters) 






MB81C4256-70 

MB81C4256-80 

MB81C4256-10 

MB81C4256-12 

PACKAGE DIMENSIONS (Continued) 


(Suffix : -C) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER 


(CASE No.: LCC-26P-M04) 



.600(1 5.24)REF 

"A'' 




Details of "A” part 


NOTE: 1. *: This dimension includes resin protrusion. (Each side: .006(0.1 5)MAX) 


2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package. 


01989 FUJITSU LIMITED C26054S-1C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PSZ) 





CMOS DRAMs 


Dynamic RAM Data Book 
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February 1990 
Edition 1.0 


<P 


DATA SHEET 

MB8 1 C4256-70U-80U-10L/- 12L 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 



CMOS 256 x 4 Bits Fast Page Mode DRAM 

The Fujitsu MB81C4256 is a CMOS, fully decoded dynamic RAM organized as 
262, 1 44 words x 4 bits. The MB81 C4256 has been designed for mainframe memories, 
buffer memories, and video image memories requiring high speed and high bandwidth 
output with very low power dissipation for battery operated applications. 

Fujitsu’s advanced three-dimensional stacked capacitor cell technology gives the 
MB81C4256 high a-ray soft error immunity and extended refresh time. CMOS 
technology is used in the peripheral circuits to provide low power dissipation and high 
speed operation. 

This specification applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 


Features 


Parameter 

MB81C4256 

MB81C4256 

MB81C4256 

MB81C4256 


*70 L 

-80L 

-10L 

-12L 

RAS Access Time 

70 ns max. 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

140 ns min. 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

43 ns max. 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

25 ns max. 

25 ns max. 

25 ns max. 

35 ns max. 

Fast Page Mode Cycle 
Time 

53 ns min. 

55 ns min. 

60 ns min. 

70 ns min. 

Low Power Dissipation 
• Operating Current 

396 mW 

358 mW 

303 mW 

259 mW 


max. 

max. 

max. 

max. 

• Standby Current 

8.3 mW max. (TTL level)/1 .4 mW max. (CMOS level) 


262,1 44 words x 4 bits 
organization 

Silicon gate, CMOS, 3D-Stacked 

Capacitor Cell 

All input and output are TTL 

compatible 

512 refresh cycles every 64 ms 
Early write or UE controlled 
write capability 


RAS only, CAS-before-RAS, or 
Hidden Refresh 

• Fast Page Mode, Read-Mod ify- Write 
capability 

• On-chip substrate bias generator for 
high performance 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V|N, VoUT 

-1 to +7 

1MS3M 

Voltage of Vcc supply relative to V S s 

Vcc 

-1 to +7 

■ 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

H 

Plastic 

-55 to +125 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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Fig. 1 - MB81C4256 DYNAMIC RAM - BLOCK DIAGRAM 



CAPACITANCE (T a = 25°C, f = 1 MHz) 



Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance, AO to A8 

C|N1 

— 

5 

pF 

Input Capacitance, RAS, CAS, WE, OE 

C|N 2 

— 

5 

PF 

Input/Output Capacitance, DQ1 to DQ4 

C DQ 

— 

6 

PF 
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PIN ASSIGNMENTS AND DESCRIPTIONS 


20-Pin DIP : 26-Pin SOJ: 

(TOP VIEW) (TOP VIEW) 




0Q4 DQ1 WE 


NC. A 1 A3 A 4 A 6 


/ 2h 4 ri 6 H an iori I2ri 14 ri i6ii isri 20 H \ 

czprLiriiiTTiJriiJriiiniirTUrTiiTTiJri:iJb=5 

v l i 7^ . . n l . iik . 13 ^ . t 5 ^,, v .^., 19 ^ „/ 

OE DQ3 Vgg DQ2 RAS AO A2 V cc A5 A7 


Designator 

Function 

DQ1 to DQ4 

Data Input/ Output 

WE 

Write Enable. 

RAS 

Row address strobe. 

NC 

No connection. 

AO to A8 

Address inputs. 

VCC 

+5 volt power supply. 

OE 

Output enable. 

CAS 

Column address strobe. 

VSS 

Circuit ground. 


RECOMMENDED OPERATING CONDITIONS 


f £ Parameter .• .Notes 

•Symbol 

Min 

Typ 

Max 

Unit 

Ambient :: ;i : 
Operating Temp . • 

Supply Voltage | t | 

Vcc 

4.5 

5.0 

5.5 

V 

0 °C to +70 °C 

Vss 

0 

0 

0 

Input High Voltage, all inputs j 1 I 

VIH 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs | 1 | 

VIL 

-2.0 

- 

0.8 

V 

Input Low Voltage, DQ( *) | 1 | 

VILD 

-1.0 

- 

0.8 

V 


* : Undershoots of up to -2.0 volts with a pulse width not exceeding 20ns are acceptable. 
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FUNCTIONAL OPERATION 


ADDRESS INPUTS 

Eighteen input bits are required to decode any four of 1 ,048,576 cell addresses in the memory matrix. Since only nine address bits are available, the 
column and row inputs are separately strobed by CAS and ‘HAS as shown in Figure 1 . First, nine row address bits are input on pins AO-through-A8 
and latched with the row address strobe (TO3 ) then, nine column address bits are input and latched with the column address strobe (CA3 ). Both row 
and column addresses must be stable on or before the falling edge of CAS and RAS , respectively. The address latches are of the flow-through type; 
thus, address information appearing after tRAH (min)+ tj is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Input data is written into memory in either of three basic ways — an early write cycle, anOE (delayed) write cycle, and a read-modify-write cycle. The 
falling edge of WE or CAS , whichever is later, serves as the input data-latch strobe. In an early write cycle, the input data (DQ1-DQ4) is strobed by 
CAS and the setup/hold times are referenced to CAS because WE goes Low before CAS . In a delayed write or a read-modify-write cycle, WE goes 
Low after *CA5 ; thus, input data is strobed by WE and all setup/hold times are referenced to the write-enable signal. 

DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

tRAC : from the falling edge of RAS when tRco (max) is satisfied. 

tCAC : from the falling edge of CAS when tRco is greater than tRCD , tRAD (max). 

tAA : from column address input when tRAD is greater than tRAD (max). 

tOEA : from the falling edge of OE when OE is brought Low after tRAC , tcAC , or tAA 

The data remains valid until either CAS or OE returns to a High logic level. When an early write is executed, the output buffers remain in a 
high-impedance state during the entire cycle. 
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DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) Notes 3 


"• • Note* 

Symbdf 

Condition# 

V.IUM, 


Hill! 

Typ 

wm 

wit 

Output high voltage 

V OH 

1 Q^j = —5 mA 

2.4 

- 

- 

V 

Output low voltage 

V OL 

1 = 4.2 mA 

- 

- 

0.4 

Input leakage current (any input) 

'l(L) 

0V<Vin<5.5V; 
4.5V<V CC < 5.5V; 

V ss = OV; All other pins 
under test = OV 

-10 

- 

10 

MA 

Output leakage current 

' O(L) 

0V<VouT< 5.5V; 

Data out disabled 

-10 

- 

10 

Operating current 
(Average Power 
supply Current) 

□ 

MB8 1 C4256-70L 

•cci 

RAS & CAS cycling; 
tRC = min 

- 

- 

72 

mA 

MB8 1 C4256-80L 

65 

MB81C4256-10L 

55 

MB81C4256-12L 

47 

Standby current 
(Power supply 
current) 

TTL level 

*CC2 

RAS ="CAS =V W 

- 

- 

1.5 

mA 

CMOS level 

RAS ="CAS > V cc -0.2 V 

250 

M-A 

Refresh current #1 
(Average power sup- 
ply current) 1 2 1 

MB81 C4256-70L 

*CC3 

CAS = Vih, Recycling; 
tRC = min 

- 

- 

60 

mA 

MB8 1 C4256-80L 

56 

MB81C4256-10L 

50 


MB81C4256-12L 

45 

Fast Page Mode 
current j g j 

MB81C4256-70L 

*CC4 

RAS =VIL, CAS cycling; 
tpc = min 

- 

- 

39 

mA 

MB8 1 C4256-80L 

37 

MB81C4256-10L 

33 

MB81C4256-12L 

28 

Refresh current #2 
(Average power sup- 
ply current) 

MB8 1 C4256— 70L 

*CC5 


- 

- 

60 

mA 

MB8 1 C4256-80L 

RAS cycling; 
CAS-before-RAS; 
tRC = min 

56 

MB81C4256-10L 

50 

MB81C4256-12L 

45 

Battery Back up 
current 

(Average power 
supply current) 

MB8 1 C4256— 70L 

*CC6 

RAS cycling j 

CAS-before-RAS ; 
tRc =125 )js, tRAS =min. 
to 1 JJ. s, DQ1 to 4 > Vcc 
-0.2V or < 0.2V or Open 
Other pin >Vcc-0.2V or 
< 0.2V 

- 

- 

250 

H A 

MB8 1 C4256-80L 

MB8 1 C4256-1 OL 

MB81C4256-12L 
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AC CHARACTERISTICS 


(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


MB81C4256-70I.I MB81C4256-80U MB8iC42S6^0U MB8lC42$*-12t. 


I Notes Symbol 


imi 


P7J1 


edi *« 




Time Between Refresh 


Random Read/Write Cycle Time 


Read-Modify-Write Cycle Time 


Access Time from RAS 


Access Time from CAS 


Column Address Access Time 


Output Hold Time 


Output Buffer Turn On Delay Time 


Output Buffer Turn off Delay Time Rol l t 


Transition Time 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


CAS to RAS Precharge Time 


RAS to CAS Delay Time |l 1,12 1 



CAS Precharge Time (C-B-R cycle) I 19 1 1 t, 


Row Address Set Up Time 


Row Address Hold Time 


Column Address Set Up Time 


Column Address Hold Time 


RAS to Column Address Delay Time j 13 ~1 


Column Address to RAS Lead Time 


Read Command Set Up Time 


Read Comma nd Ho ld Time r-r-i 

Referenced to RAS * 


Read Comma nd Ho ld Time I . 

Referenced to CAS L-LLJ 


Write Command Set Up Time I 15 I 


Write Command Hold Time 


WE Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


DIN set Up Time 


DIN Hold Time 
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AC CHARACTERISTICS (Continued) 

(At recommended operatlna conditions unless otherwise noted.) Notes 3, 4, 5 


Notes J Symbol 


MB8lC42S*-70U M881C4256-80L MB8lC42$6-1DL 1 MB8lC42$^t2t 



DIN to OE Delay Time 


Access Time from CAS 
(Counter Test Cycle) 


Fast Page Mode Read/Write 
Cycle Time 


Fast Page Mode Read-Modify-Write 
Cycle Time 


Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc de pends on the number of address change as RAS = Vil and 
CAS = Vih. 

Icci , Iceland Ices are s pecifi ed at three time of address change 
during TO3 = Vil and CAS = Vih. 

Icc4 i s spe cified at one time of address change during "RAS = Vil 
and CAS = Vih. 

3. An Initial pause (RAS =CA5 = VIH) of 200|ls is required after 
power-up followed by any eight RAS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimu m of eight CaS -before- RAS initialization 
cycles instead of 8 RAS cycles are required. 

4. AC characteristics assume tr = 5ns 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRco^ tRco (max), tRAD^ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that Ircd exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. Assumes that tRCD> tRCD (max), tRAD — tRAD (max). If Usc> 
tAA - tcAC - 1 t , access time is Icac . 

8. If tRAD ^ tRAD (max) and Use < tAA - tcAC - 1 t , access time is 
tAA . 


9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 
impedance state. 

1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tcAC or tAA . 

12. tRCD (min) = tRAH (min)+ 2tT + tASC (min) 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAC or tAA . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. twes is specified as a reference point only. If twes > twes (min) 
the data output pin will remain High-Z state through entire cycle. 

16. Assumes that twes < twes (min) 

17. Either tozc or tozo must be satisfied. 

18. tcPA is access time from th e selec tion of a new column address 
(that is caused by changing CAS from "L" to “H"). Therefore, if 
tep is shortened, tcPA is longer than tcPA (max). 

19. Assumes that CAS -before- RAS refresh, CAS -before- RAS 
refresh counter test cycle only. 
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Fig. 2 - 1 RAC vs. |r CD 



20 40 60 80 100 120 


* RCD ( ns ) 


Fig. 3 - 1 rac vs. 1 r AD 



20 40 60 80 100 120 


1 RAD ( ns ) 


FUNCTIONAL TRUTH TABLE 


Operation Mode 


Standby 


Read Cycle 


Write Cycle 
(Early Write) 


Read-Modify- 
Write Cycle 


RAS-only 
Refresh Cycle 


CA^-before- 
RAS Refresh 
Cycle 


Hidden Refresh H— »L 


liCiocic’InpUfl 


1 i vj => | fa PfTfTllilll p h i 


Valid 

Valid 

- 

Valid 

Yes * 

Valid 

Valid 

Valid 

High-Z 

Yes * 

Valid 

Valid 

Valid 

Valid 

Yes * 



High-Z Yes 


High-Z Yes tcsR^twcsR (min) 


Valid Yes Previous data 

is kept. 


X; "H" or “L" 

*; It is impossible in Fast Page Mode 
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Fig. 4 - READ CYCLE 



DESCRIPTION 

To implement a read operation, a valid address is latched in by the RAS and CAS address strobes and with WE set to a High level 
andj5£ set t o a lo w level, the output is valid once the memory access time has elapsed. The access time is determined by 
RAS(tRAC), CAS(tCAC), OE (tOEA) or column addresses (tAA) under the following conditions: 

If tRCD > tRCD (max), access.time = tCAC. 

If tRAD > tRAD (max), access time = tAA. 

If Oi~is brought Low after tRAC, tCAC, or tAA (which ever occurs later), access time = tOEA. 

However, if either CAS or OE’goes High, the output returns to a high-impedance state after tOH is satisfied. 
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Fig. 5 - EARLY WRITE CYCLE ( OE = “H” or “L” ) 



DESCRIPTION 

A write cycle is similar to a read cycle except WE is set to a Low state and OE is a “H" or "L" signal. A write cycle can be imple- 
mented in either of three ways - early write, "OE write (delayed write), or read-modify-write. During all write cycles, timing parame- 
ters tRWL, tCWL and tRAL must be satisfied. In the early write cycle shown above tWCS satisfied, data on the DQ pin is latched with 
the falling edge of CAS and written into memory. 
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Fig. 8 - FAST PAGE MODE READ CYCLE 



DESCRIPTION 

The fast page mode of operation permits faster successive memory operati ons a t multiple column l ocatio ns of the same row address. 
This operation is performed by strobing in the row address and maintaining RAS at a Low level and WE at a High level during all 
successive memory cycles in which the row address is latched. The access time is determined by tCAC, tAA, tCPA, or tOEA, which- 
ever one is the latest in occuring. 
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Fig. 10 - FAST PAGE MODE OE WRITE CYCLE 


RAS 


CAS 


V,H~ 
V„ — 


V, H — 


WE 


DQ 


V|U — 


DQ 'OH — 
(Output) V 0L __ 


OE 



DESCRIPTION 

The fast p age mode OE (delayed) write cycle is executed in the same manner the fast page mode write cycle except for the states 
of WE and OE. Input data on the DQ pins are latched on the falling edge of WE and written into memory. In the fast page mode 
delayed write cycle, (5E must be changed from Low to High before WE goes Low (tOED + tDS). 
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Flg. 1 2 — RAS-ONLY REFRESH (WE = OE = M H” or “L”) 



DESCRIPTION 

Refresh of RAM memory cells is accomplished by perf ormi ng aread, a writ e, or a read- modify -write cycle at each of 51 2 row addresses every 
64-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 


RAS-only refresh is performed by keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RAS. During RAS-only refresh, Dout pin is kept in a high-impedance state. 


Fig. 13 — CAS-BEFORE-RAS REFRESH (ADDRESSES = WE = OE = “H” or “L”) 



DESCRIPTION 

CAS-before-RAS refresh is an on -chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (tcsR) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
CAS-before-RAS refresh operation. 
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PACKAGE DIMENSIONS 

(Suffix : -P) 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-20P-M03) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -C) 


20-LEAD CERAMIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20C-A03) 



Dimensions in 
inches (millimeters) 

©1988 FUJITSU LIMITED D20012S-2C 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-26P-M04) 

*.675t.0Q5 

(17J5±0.13) H 


(22) I (J8) 

/ INDEX ! 


0 .300(7.62) .332±.005 
NOM (8.43±0.1 3) 


LEAD No.(?)-i 
.050±.005 
(1.27±0.13) ' 



TTZTLJ l| 


U U O LJ II 

.100(2.54) I 




TYP 



.1 40(3,55)MAX 
.089(2.25)NOM 
■025(0.64)MIN 


.268±.020 
(6.81 + 0.51) 


a .032(0.81) 
MAX 


. 098(2. 50)NOM 


‘-= J — ^ I I .017 + .004 

~ ^ (0*43 ±0.10) 

Details of “A" part 

NOTE: 1. *: This dimension includes resin protrusion. (Each side: . 006(0. 15)MAX) 

2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package. 


©1989 FUJITSU LIMITED C26054S-1C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 


(Suffix : -PSZ) 
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November 1990 
Edition 3.0 


DATA SHEET 


FUJITSU 


MB81C4256A-60/-70/-80/-10 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 


CMOS 256 x 4 Bits Fast Page Mode DRAM 

The Fujitsu MB81C4256A is a CMOS, fully decoded dynamic RAM organized as 
262,144 words x 4 bits. The MB81C4256A has been designed for mainframe 
memories, buffer memories, and video image memories requiring high speed and high 
bandwidth output with tow power dissipation. 

Fujitsu’s advanced three-dimensional stacked capacitor cell technology gives the 
MB81C4256A high a-ray soft error immunity. CMOS technology is used in the 
peripheral circuits to provide tow power dissipation and high speed operation. 

This specification applies to the BC die revision that was developed to realize faster 
access time. Faster speed versions (70 and 80 ns) are available on this chip. 


Features 


Parameter 

MB81C4256A 

MB81C4256A 

MB81C4256A 

MB81C4256A 


-60 

-70 

-80 

-10 

RAS Access Time 

60 ns max. 

70 ns max. 

80 ns max. 

100 ns max. 

Random Cycle Time 

130 ns min. 

140 ns min. 

155 ns min. 

180 ns min. 

Address Access Time 

30 ns max. 

35 ns max. 

40 ns max. 

50 ns max. 

CAS Access Time 

15 ns max. 

20 ns max. 

20 ns max. 

25 ns max. 

Fast Page Mode 

Cycle Time 

45 ns min. 

50 ns min. 

55 ns min. 

65 ns min. 

Low Power Dissipation 
• Operating Current 

407 mW max. 

374 mW max. 

341 mW max. 

297 mW max. 

• Standby Current 

11 mW max. (TTL level)/5.5 mW max. (CMOS level) 


262,144 words x 4 bits 
organization 

Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

All input and output are TTL 
compatible 

512 refresh cycles every 8.2 ms 


Early write or OE controlled 
write capability 

RAS only, CAS-before-RAS, or 
Hidden Refresh 

Fast Page Mode, Read-Mod ify-Write 
capability 

On-chip substrate bias generator for 
high performance 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V|N. V 0 UT 

-1 to +7 

V 

Voltage of Vcc supply relative to Vss 

Vcc 

-1 to +7 

V 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

°C 

Plastic 

-55 to +125 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions tor ex- 
tended periods may affect device reliability. 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 



ZIP-20P— M02 


* FPT-24P-M04 /*FPT-24P-M05 

*: Available for 70/80/1 00ns versions 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 
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CAPACITANCE (Ta= 25°C, f = 1MHz) 


Parameter 

Symbol 

1VP 

Max 

Untt 

Input Capacitance, AO to A8 

C|N1 

— 

5 

PF 

Input Capacitance, RAS, CAS, WE, OE 

C|N2 

— 

5 

PF 

Input/Output Capacitance, DQ1 to DQ4 

Cdq 

- 

6 

PF 
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PIN ASSIGNMENTS AND DESCRIPTIONS 




Output enable. 


Column address strobe. 


Circuit ground. 


“i 4 n 6 ri an ion 12m 14 m 16 n ism 20m 

priJtrriiTTiirriirTiirTi-trciJTTiJtTTiJtrT 

I'J 3 Li 5 1* 7'J 9 1 ' 111* 13JJ 15!* 17!_! 19' ■ 


OE DQ3 V 00 DQ2 RAS AO A2 V rr A5 A7 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

. Notes 

Symbol 

Min 

Typ 

Max 

Unit 

Ambient 

Operating Temp ll 

Supply Voltage 

m 

Vcc 

4.5 

5.0 

5.5 



Vss 

0 

0 

0 

V 


Input High Voltage, all inputs 

□ 

VIH 

2.4 

- 

6.5 

V 

0 °C to +70 °C 

Input Low Voltage, all inputs 

□ 

VIL 

-2.0 

- 

0.8 

V 


Input Low Voltage, DQ( *) 

m 

VILD 

-1.0 

- 

0.8 

V 



* : Undershoots of up to -2.0 volts with a pulse width not exceeding 20ns are acceptable. 
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FUNCTIONAL OPERATION 


ADDRESS INPUTS 

Eighteen input bits are required to decode any four of 1 ,048,576 celladdresses in the memory matrix. Since only nine address bits are available, the 
column and row inputs are separately strobed byTTSS and RAS as shown in Figure 1 . First, nine row address bits are input on pins A0-through-A8 
and latched with the row address strobe (RAS ) then, nine column address bits are input and latched with the column address strobe (CSS ). Both 
row and column addresses must be stable on or before the fallingedge of CAS and RAS , respectively. The address latches are of the flow-through 
type; thus, address information appearing after tRAH (min)+ tr is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Input data is written into memory in either of three basic ways — an early write cycle, anOE (delayed) write cycle, and a read-modify-write cycle. The 
falling edge of WE or CAS , whichever is later, serves as the input data-Jatch strobe. In an early write cycle, the input data (DQ1-DQ4) is strobed by 
CAS and the setup/hold times are referenced to CAS because WE goes Low before CAS . In a delayed write or a read-modify-write cycle, WEE 
goes Low after CAS ; thus, input data is strobed by WE and all setup/hold times are referenced to the write-enable signal. 

DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs 
are obtained under the following conditions: 

tRAC : from the falling edge of *RA5 when tRCD (max) is satisfied. 

tCAC : from the falling edge of CaS when tRCD is greater than tRCD , tRAD (max). 

tAA : from column address input when tRAD is greater than tRAD (max). 

tOEA : from the falling edge of OE when OE is brought Low after tRAC , tcAC , or tAA 

The data remains valid until either CaS or OE returns to a High logic level. When an early write is executed, the output buffers remain in a 
high-impedance state during the entire cycle. 
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DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) Notes 3 


Paramtor Note* 

Symbol 

• Conditions • 

Values 

Unit 

Min 

Typ 

Max 

Output high voltage 

< 

0 

X 

1 Q| j — ”6 roA 

wm 

- 

- 

V 

Output low voltage 

VOL 

Iql = 4.2 mA 

— 

— 

0.4 

Input leakage current (any input) 

'l(L) 

OV<Vin< 5.5V; 
4.5V<Vqc< 5.5V; 

Vss = OV; All other pins 
under test = OV 

-10 

- 

10 

MA 

Output leakage current 

1 O(L) 

0V<Vqut< 5.5V; 

Data out disabled 

-10 

- 

10 

Operating current 
(Average Power 
supply Current) 

0 

MB81C4256A-60 

^CCI 

RAS & CAS cycling; 
tRC = min 

- 

- 

74 

mA 

MB8 1 C4256A-70 

68 

MB81 C4256A-80 

62 

MB8 1 C4256A-1 0 

54 

Standby current 
(Power supply 
current) 

TTL level 

*CC2 

RAS ="CAS =V 1H 

- 

- 

2.0 

mA 

CMOS level 

RAS ="CAS > Vcc -0.2V 

1.0 

Refresh current #1 
(Average power sup- 
ply current) | 2 1 

MB81 C4256A-60 

*CC3 

CAS = Vw, RaS cycling; 
tRC = min 

- 

- 

74 

mA 

MB8 1 C4256A-70 

68 

MBS 1 C4256A-80 

62 


MB81 C4256A-1 0 

54 

Fast Page Mode 
current |^~[ 

MB81 C4256A-60 

*CC4 

RAS =VIL, CAS cycling; 
tpc = min 

- 

- 

60 

mA 

MB81 C4256A-70 

55 

MB81C4256A-80 

50 

MB81 C4256A-1 0 

43 

Refresh current #2 
(Average power sup- 
ply current) Q] 

MB8 1 C4256A-60 

^CC5 


- 

- 

74 

mA 

MB81 C4256A-70 

RAS cycling; 
CAS-before-RAS; 

tRC = min 

68 

MB8 1 C4256A-80 

62 

MB8 1 C4256A-1 0 

54 
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AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


Parameter Notes Symbol 


Time Between Refresh 


Random Read/Write Cycle Time 


Read-Modify-Write Cycle Time 


Access Time from RAS 


Access Time from CAS ITTI 


Column Address Access Time GEE) 


Output Hold Time 


Output Buffer Turn On Delay Time 


Output Buffer Turn off Delay Time I 10 ll toFF 


Transition Time 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


CAS to RAS Precharge Time 


RAS to CAS Delay Time 1 1 1,1 2 1 


MB8tC4256A-60 MB81C4256A-70 MB81C4256A-80 MB81C4256A-10 




RAS to Column Address Delay Time 1 13 1 1 t 



Read Comma nd Ho ld Time 
Referenced to CAS 


Write Command Set Up Time 


Write Command Hold Time 


WE Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


DIN set Up Time 


DIN Hold Time 
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AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


No. 

Parameter 

Notes; 

Symbol 

MB81C4256A^0 

MB81C4256aW0:- 

MB81C4256A-80 

MB81C4256A-10 






■m 

iRfflii 

BfKffli 

ilEHil 


RAS Precharge time to CAS 

Active Time (Refresh cycles) 

* RPC 

D 

- 

a 

- 

0 

- 

a 

- 

SH 


CAS Set Up Time for CAS-before- 
RAS Refresh 

1 CSR 

D 

- 

0 

H 

0 

- 

0 

- 


□ 

CAS Hold Time for CAS-before- 
RAS Refresh 

1 CHR 

10 

- 

10 

- 

12 

- 

15 

H 


m 

Access Time from OE 

1 9 1 

1 OEA 

- 

15 

- 

20 

- 

20 

- 

25 

IQ 


Output Buffer Turn Off Delay 
from OE 

1 io | 

1 OEZ 

- 

15 

- 

15 

- 

20 

- 

25 

|Q 

K9 

OE to RAS Lead Time for Valid Data 

1 OEL 

10 

— 

10 

— 

10 

— 

10 

— 


m 


mu 

toEH 

0 

— 

0 

— 

0 

— 

0 

— 


Q 


l OED 

15 

— 

15 

— 

20 

— 

25 

— 

nsl 

19 

DIN to CAS Delay Time 

DE) 

t DZC 

0 

— 

0 

— 

0 

— 

0 

— 


m 

DIN to OE Delay Time 

DEI 

t DZO 

0 

- 

0 

- 

0 

- 

0 

- 

||Q|: 

n 

Fast Page Mode Read/Write 

Cycle Time 

1 PC 

45 

- 

50 

- 

55 

- 

65 

- 


D 

Fast Page Mode Read-Modify-Write 

Cycle Time 

[ PRWC 

82 

- 

87 

- 

100 

- 

120 

- 

Q 

sa 


RmFI 

1 CPA 

— 

40 

— 

45 

— 

50 

— 

60 

us 

n 

Fast Page Mode CAS Precharge Time 

*CP 

10 

- 

10 

- 

10 

- 

10 

- 



Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output o pen. 

Icc de pends on the number of address change as HAS = Vil and 
CAS = Vih. 

Icci , Iceland Ices are s pecifi ed at three time of address change 
during RAS = Vil and CA$ = Vih. 

Icc4 i s spe cified at one time of address change during RAS = Vil 
and CAS = Vih. 

3. An Initial pause (RAS =CAS = VIH) of 200|ls is required after 
power-up followed by any eight RAS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimu m of eight CAS -before- R aS initialization 
cycles instead of 8 RAS cycles are required. 

4. AC characteristics assume tr = 5ns 

5. Vih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRco^ tRCD (max), tRAD^ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCD exceeds 
the value shown. Refer to Fig. 2 and 3. 

7. Assumes that tRCD> tRCD (max), tRAD> tRAD (max). If tASC > 
tAA - tcAC - 1 t , access time is tcAC . 

8. If tRAD ^ tRAD (max) and tASC < tAA - tcAC - 1 t , access time is 
tAA . 


9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 
impedance state. 

1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tcAC or tAA . 

12. tRCD (min) = tRAH (min)+ 2tT + tASC (min) 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAC or t aa . 

1 4. Either tRRH or tRCH must be satisfied for a read cycle. 

1 5. twes is specified as a reference point only. If twes > twes 
(min) the data output pin will remain High-Z state through entire 
cycle. 

16. Assumes that twes <twcs (min) 

1 7. Either tDze or tozo must be satisfied. 

1 8. tcPA is access time from th e selec tion of a new column address 
(that is caused by changing CAS from "L” to “H"). Therefore, if 
tep is shortened, tcPA is longer than tcPA (max). 

19. Assumes that CAS -before- RAS refresh, CAS -before- R aS 
refresh counter test cycle only. 
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FUNCTIONAL TRUTH TABLE 



X; “H" or “L” 

*; It is impossible in Fast Page Mode 
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Fig. 4 -READ CYCLE 



To implement a read operation, a valid address is latched in by the RAS and CAS address strobes and with WE set to a High level 
and O E set t o a lo w level, the output is valid once the memory access time has elapsed. The access time is determined by 
RAS(tRAC), CAS(tCAC), OE (tOEA) or column addresses (tAA) under the following conditions: 

If tRCD > tRCD (max), access time = tCAC. 

If tRAD > tRAD (max), access time = tAA. 

If OlTis brought Low after tRAC, tCAC, or tAA (which ever occurs later), access time = tOEA. 

However, if either CAS or OE goes High, the output returns to a highnmpedance state after tOH is satisfied. 
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Fig. 5 - EARLY WRITE CYCLE ( OE = “H” or “L” ) 



9 ■H* or *L* 


DESCRIPTION 

A write cycle is similar to a read cycle except WE is set to a Low state and OE*is a "H” or “L" signal. A write cycle can be imple- 
mented in either of three ways - early write, OE write (delayed write), or read-modify-write. During all write cycles, timing parame- 
ters tRWL, tCWL and tRAL must be satisfied. In the early write cycle shown above tWCS satisfied, data on the DQ pin is latched with 
the falling edge of CAS and written into memory. 
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Fig. 6 - OE ( DELAYED WRITE CYCLE ) 



DESCRIPTION 



In the OE (delayed write) cycle, tWCS is not satisfied ; thus, the data on the DQpins is latched with the falling edge of WE and 
written into memory. The Output Enable (5E) signal must be changed from Low to High before WE goes Low (tOED + tDS). 
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Fig. 7- READ-MODIFY-WRITE CYCLE 



DESCRIPTION 

The read-modify-write cycle is executed by changing WE from High to Low after the data appears on the DQ pins. In the 
read-modify-write cycle, Z5ET must be changed from Low to High after the memory access time. 






Fig. 8 - FAST PAGE MODE READ CYCLE 



DESCRIPTION 

The fast page mode of operation permits faster successive memory operati ons a t multiple column l ocatio ns of the same row address. 
This operation is performed by strobing in the row address and maintaining RA5 at a Low level and WET at a High level during all 
successive memory cycles in which the row address is latched. The access time is determined by tCAC, tAA, tCPA, or tOEA, which- 
ever one is the latest in occuring. 
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Fig. 9 - FAST PAGE MODE WRITE CYCLE ( OE = “H” or “L” ) 



□ “ H ‘ or “ L “ 


DESCRIPTION 


The fast page mode write cycle is executed in the same manner as the fast pa ge m ode read cycle except the states of WE and OE 
are reversed. Data appearing on the D Q pin s is latched on the falling edge of CA§ and written into memory. During the fast page 
mode write cycle, including the delayed (OE) write and read-modify-write cycles, tCWL must be satisfied. 
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Fig. 10 - FAST PAGE MODE OE WRITE CYCLE 



DESCRIPTION 

The fast page mode OE (delayed) write cycle is executed in the same manner as the fast page mode write cycle except for the states 
of WE and OE. Input data on the DQ pins are latched on the falling edge of WE and written into memory. In the fast page mode 
delayed write cycle, T5E must be changed from Low to High before WE goes Low (tOED + tDS). 
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Fig. 11 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



DESCRIPTION 


During fast page mode of operation, the read-modify-write cycle can be executed by switching WE from High to Low after input 
date appears at the DQ pins during a normal cycle. 
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Fig. 12 - RAS-ONLY REFRESH (WE = OE = “H” or “L”) 



DESCRIPTION 

Refresh of RAM memory cells is accomplished by performing aread, a write, or a read-modify-write cycle at each of 51 2 row addresses every 
8.2-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refr esh is perfor med b y keeping RAS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RAS. During RAS-only refresh, Dout pin is kept in a high-impedance state. 



Fig. 13 - CAS-BEFORE-RAS REFRESH ( ADDRESSES = WE = OE = “H” or “L” ) 



DESCRIPTION 

CAS-before-RAS refresh is an on-chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (tcsR) before RaS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
CAS-before-RAS refresh operation. 
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Fig. 14 - HIDDEN REFRESH CYCLE 



DESCRIPTION 

A hid den refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of CAS and cycling 
RA3. The refresh row address is provided by the on-chip refresh addresscounter. This eliminates the need for the external row address that is 
required by DRAMs that do not have CAS-before-RAS refresh capability. 
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Fig. 15 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 


RAS 

CAS 

A o to A 8 


WE 


(Read) 


V|H ■ 
V, L • 


V| H 
V,L ' 


V |H • 
V|L ' 


V, H ' 

V |L ■ 


DQ 

(Input) 


Vih — 
V| L — 


DQ V 0H “ 

(Output) V 0L — 


OE 


V, H — 
V|L — 


DESCRIPTION 



-H-or-L" 
Valid Data 


A special timing sequence using the CAS-before-RAS refresh counter test cycle provides a convenient method to verify the functionality of 
CAS-before RAS refresh circuitry. If, after a tAS-before-RAS refresh cycle. CAS makes a transition from High to Low while RAS is held Low, 
read and write operations are enabled as shown above. Row and column addresses are defined as follows: 


Row Address: Bits AO through A8 are defined by the on-chip refresh counter. 

Column Address: Bits AO through A8 are defined by latching levels on A0-A8 at the second falling edge of CAS. 


The CAS-before-HAS Counter Test procedure is as follows ; 

1) Initialize the internal refresh address counter by using 8 CAS-before-RAS refresh cycles. 

2) Use the same column address throughout the test. 

3) Write “0" to all 512 row addresses (DQ1 to DQ4) at the same column address by using normal wri te cy cles. 

4) Read “0" written in procedure 3) and check; simultaneously write “1 " to the same addresses by using CAS-before-RAS refresh 
counter test (read-modify-write cycles). Repeat this procedure 512 times with addresses generated by the internal refresh 
address counter. 

5) Read and check data written in procedure 4) by using normal read cycle for all 51 2 (DQ1 to DQ4) memory locations. 

6) Complement test pattern and repeat procedures 3), 4), and 5). 


(At recommended operating conditions unless otherwise noted.) 



Paf aim eter ||11|||||1 

•Symbol 

MB81C4256A-60 

MB81C4256A-70 

MB81C4256A-80 

MB81C4256A-10 

111! 

Iras 

liXMl 


MIES 





ei 

Access Time from CAS 

4 fcac 

— 

40 

- 

45 

- 

50 

- 

60 

EB 


Note . Assumes that CAS-before-RAS refresh counter test cycle only. 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -C) 


20-LEAD CERAMIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20C-A03) 



D 1 988 FUJITSU LIMITED D20012S-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LCC-26P-M04) 



NOTE: 1.58: This dimension includes resin protrusion. (Each side: .006(0. 1 5)MAX) 


2. Although this package has 20 leads only, its pin positions are the same as that 

©1990 FUJITSU LIMITED C26054S-1C that of 26-lead package. 


3. Dimensions in inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PSZ) 


20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 
(CASE NO.: ZIP-20P-M02) 



©1989 FUJITSU LIMITED Z2UUU2S-4C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PFTR) 


24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M05) 


j<\ 

INDEX 

O 1 

! O 

i 

s- i 

"A" ' 


Details of "A” part 


.006 (0.15) 
MAX 


MB81 C4256A-60 
MB81 C4256A-70 
MB81 C4256A-80 
MB81C4256A-10 


.014(0.35) 

MAX 



.591 ±008 



! .567 ±008 

^ (14. 40 ±0.20) 

^ ,630± .008 

' (16. 00 ±0.20) 

©1990 FUJITSU LIMITED F24021S-2C 


.020 ±004 
(0.50±0.10) 


.0197 (0.50) 
TYP 


.006 ±.002 
(0.1 5± 0.05) 


.008 ±.004 r^n 

■ i a2 0±d.io) ffl~ ffl 3 < 008|< 


0(0) MIN 
(STAND OFF) 


■ 217(5.50 ) 
REF *"> 
.236 ±008 

(6.00±0.20f 


“ .047(1.20) MAX 
-(SEATED HEIGHT) 


Dimensions in 
inches (millimeters) 
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CMOS DRAMs 


Dynamic RAM Data Book 


November 1990 
Edition 2.0 


DATA SHEET 


FUJITSU 


MB8 1 C4256A-70U-80L/-10L 

CMOS 1,048,576 BIT FAST PAGE MODE DYNAMIC RAM 


CMOS 256K x 4 Bits Fast Page Mode DRAM 

The Fujitsu MB81 C4256A is a CMOS, fully decoded dynamic RAM organized as 256K 
words x 4 bits. The MB81 C4256A has been designed for mainframe memories, buffer 
memories, and video image memories requiring high speed and high bandwidth output 
with low power dissipation, as well as for memory systems of battery operated 
computers requiring very low power dissipation. 

Fujitsu's advanced three-dimensional stacked capacitor cell technology gives the 
MB81G4256A high a-ray soft error immunity and extended refresh time. CMOS 
technology is used in the peripheral circuits to provide low power dissipation and high 
speed operation. 


Features 


Parameter 

MB81C4256A 

-70L 

MB81C4256A 

-80L 

MB814256A 

-10L 

PAS Access Time 

70 ns max. 

80 ns max. 

100 ns max. 

Random Cycle Time 

140 ns min. 

155 ns min. 

180 ns min. 

Address Access Time 

35 ns max. 

40 ns max. 

50 ns max. 

CAS Access Time 

20 ns max. 

20 ns max. 

25 ns max. 

Fast Page Mode Cycle Time 

50 ns min. 

55 ns min. 

65 ns min. 

Low Power Dissipation 
• Operating Current 

374 mW max. 

341 mWmax. 

297 mW max. 

• Standby Current 

5.5 mW max. (TTL level)/1.4 mW max. (CMOS level) 


262,1 44 words x 4 bits 
organization 

Silicon gate, CMOS, 3D-Stacked 

Capacitor Cell 

All input and output are TTL 

compatible 

512 refresh cycles every 64 ms 
Early write or OE controlled 
write capability 


• RAS only, CAS-before-RAS, or 
Hidden Refresh 

• Fast Page Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

Vw.VoUT 

-1 to +7 

HDH 

Voltage of Vcc supply relative to Vss 

Vcc 

-1 to +7 


Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Ceramic 

Tstg 

-55 to +150 

H 

Plastic 

-55 to +125 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics. Inc. 



D1P-20C-A03 


& 


LCC-26 P-M04 



FPT-24P-NI04 / FPT-24P-M05 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. , 
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CAPACITANCE (T a = 25°C, f = 1MHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance, AO to A8 

C IN1 

— 

5 

pF 

Input Capacitance, RAS, CAS, WE, OE 

C|N2 

— 

5 

PF 

Input/Output Capacitance, DQ1 to DQ4 

Cqq 

- 

6 

PF 


2-262 




























MB81 C4256A-70L 
MB81 C4256A-80L 
MB81C4256A-10L 


PIN ASSIGNMENTS AND DESCRIPTIONS 


20-Pin DIP : 

(TOP VIEW) 


26-Pin SOJ: 

(TOP VIEW) 



'• Designator i 

... Function 

DQ1 to DQ4 

Data Input/ Output 

WE 

Write Enable. 

RAS 

Row address strobe. 

NC 

No connection. 

AO to A8 

Address inputs. 

VCC 

+5 volt power supply. 

OE 

Output enable. 

CAS 

Column address strobe. 

VSS 

Circuit ground. 


24-Pin FPT : 

(TOP VIEW) 

<Normal Bend : FPT-24P-M04> 



<Reverse Bend : FPT-24P-M05> 



I A8 
I A7 
I A6 
I A5 


3 VCC 
3 A3 
3 A2 


I AO 
I A1 


| AS 
J A6 
I A7 


20-Pin ZIP: 

(TOP VIEW) 

CAS DQ4 DQ1 WE* NC. A 1 A3 A 4 A 6 A8 
/ 2H 4 H 6 tt 8 H 10 H 12H u ri 16 ri ieH 2oh \ 

CTTUn:i±rciJrciJrciiriiirTiJrtiJrtiirrii=9 

\1j_i 3 !_■ 5 U 7 L! 9LJ 111! 13L! 15L! 17!_* 19jJ / 

OE DQ3 V 35 DQ2 “raS AO A2 V^ A5 A7 


RECOMMENDED OPERATING CONDITIONS 


Parameter Notes 

Symbol 

Min 

Typ 

Max 

Unit 

. Ambient 
Operating Temp 

Supply Voltage | 1 | 

Vcc 

4.5 

5.0 

5.5 

V 

0 °C to +70 °C 

Vss 

0 

0 

0 

Input High Voltage, all inputs | 1 j 

VIH 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs | 1 | 

VIL 


- 

0.8 

V 

Input Low Voltage, DQ( *) | 1 1 

VILD 

-1.0 

- 

0.8 

V 


* : Undershoots of up to -2.0 volts with a pulse width not exceeding 20ns are acceptable. 
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FUNCTIONAL OPERATION 


ADDRESS INPUTS 

Eighteen input bits are required to decode any four of 1 ,048,576 celladdresses in the memory matrix. Since only nine address bits are available, the 
column and row inputs are separately strobed by CAS andRAS as shown in Figure 1 . First, nine row address bits are input on pins A0-through-A8 
and latched with the row address strobe (RAS ) then, nine column address bits are input and latched with the column address strobe (CAS ). Both 
row and column addresses must be stable on or before the fallingedge of CAS and RAS , respectively. The address latches are of the flow-through 
type; thus, address information appearing after tRAH (min)+ tr is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Input data is written into memory in either of three basic ways — an early write cycle, anOE (delayed) write cycle, and a read-modify-write cycle. The 
falling edge of WE or CAS , whichever is later, serves as the input data-latch strobe. In an early write cycle, the input data (DQ1-DQ4) is strobed by 
CaS and the setup/hold times are referenced to CaS because WE goes Low before CaS . In a delayed write or a read-modify-write cycle, WE 
goes Low after CAS ; thus, input data is strobed by WE and all setup/hold times are referenced to the write-enable signal. 

DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs 
are obtained under the following conditions; 

tRAC : from the falling edge of “RES when tRCD (max) is satisfied. 

tCAC : from the falling edge of CAs when tRCD is greater than tRco , tRAD (max). 

tAA : from column address input when tRAD is greater than tRAD (max). 

tOEA : from the falling edge of OE when OE is brought Low after tRAC , tcAC , or tAA 

The data remains valid until either CAS or OE returns to a High logic level. When an early write is executed, the output buffers remain in a 
high-impedance state during the entire cycle. 
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DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) Notes 3 


‘ Paramtor ' . Notes 

Symbol 

Condition* 

| * Value* | 


ii 

ty p 

Max 

Output high voltage 

Vqh 

1 om = —6 mA 

2.4 

- 

- 

D 

Output low voltage 

VOL 

Iql = 4.2 mA 

— 

- 

0.4 

Input leakage current (any input) 

'l(L) 

0V^Vin^5.5V; 

4.5V^Vcc^5.5V; 

Vss * OV; All other pins 
under test = OV 

-10 

- 

10 

MA 

Output leakage current 

1 O(L) 

0V£Vout^5.5V; 

Data out disabled 

-10 

- 

10 

Operating current 
(Average Power 
supply Current) 

□ 

MB8 1 C4256A-70L 

*cci 

RAS & CAS cycling; 
tRC = min 

- 

- 

68 

mA 

MB8 1 C4256A-80L 

62 

MB81C4256A-10L 

54 

Standby current 
(Power supply 
current) 

TTL level 

( CC2 

RAS =*CAS =V IH 

■ 

■ 

1.0 

mA 

CMOS level 

RAS =*CAS -0.2V 

0.25 

Refresh current #1 
(Average power sup- 
ply current) 1 2 1 

MB8 1 C4256A-70L 

*CC3 

CAS = Vw, HAS’ cycling; 

tRC = min 

- 

- 

68 

mA 

MBS 1 C4256A-80L 

62 

MB8 1 C4256A-1 OL 

54 

Fast Page Mode 
current ["^*j 

MB8 1 C4256A-70L 

’CC4 

RAS =VIL, CaS cycling; 
tpc = min 

- 

- 

55 

mA 

MB8 1 C4256A-80L 

50 

MB8 1 C4256A-1 OL 

43 

Refresh current #2 
(Average power sup- 
ply current) QJ 

MB8 1 C4256A-70L 

*CC5 

RAS cycling; 
CAS-before-RA§; 
tRC = min 

- 

- 

68 

mA 

MB81 C4256A-S0L 

62 

MB8 1 C4256A-1 OL 

54 

Battery Back up 
current 

(Average power 
supply current) 

MB8 1 C4256A-70L 

l CC6 

RAS cycling ; 

CAS-before-RAS ; 
tRc =125 fJs. tRAS =min. 
to 1 \l s, DQ1 to 4 £ Vcc 
-0.2V or < 0.2V or Open 
Other pin ^Vco-0.2V or 
<0.2V 

- 

- 

250 

M a 

MB8 1 C4256A-80L 

MB81C4256A-10L 


2-265 





















































































MB81 G4256A-70L 
MB81 C4256A-80L 
MB81 C4256A-10L 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


Parameter 


Time Between Refresh 


Random Read/Write Cycle Time 


Read-Modify-Write Cycle Time 


Access Time from CAS 


Column Address Access Time 


Output Hold Time 


Output Buffer Turn On Delay Time 


Output Buffer Turn off Delay Time 


Transition Time 


RAS Precharge Time 


Ea 5 Pulse Width 


RAS Hold Time 


f Notes Symbol 


CAS to RAS Precharge Time 


RAS to CAS Delay Time 

RTi?] 

CAS Pulse Width 


CAS Hold Time 



CAS Precharge Time (C-B-R cycle) [ 19 ~\ 


Row Address Set Up Time 


Row Address Hold Time 


Column Address Set Up Time 


Column Address Hold Time 


RAS to Column Address Delay Time 


Column Address to RAS Lead Time 


Read Command Set Up Time 


Read Comma nd Ho ld Time r—i 

Referenced to RAS LHJ 


Read Command Hold Time 
Referenced to CAS 

m 

Write Command Set Up Time 

nn 

Write Command Hold Time 


WE Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


DIN set Up Time 


DIN Hold Time 


MB8fC42$6A 

~70L 


! MB81C4256A 
-'80L 


M661C4256A ! 
-10L 
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AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


!§1 

PstombW 

Notes; 

Symbol 

MBS1C425SA 

-70L 

MB81C4256A 

-ML 


Unit 


■m 

KH 

■ ■ 

WBsm 

mrm 

■BZQB 

□ 

RAS Precharge time to 6A§ 

Active Time (Refresh cycles) 

1 RPC 

0 

- 

0 

- 

0 

- 

ns 

Q 

CAS Set Up Time for CAS-before- 
RAS Refresh 

* CSR 

0 

- 

0 

- 

0 

- 

ns 

D 

6A£ Hold Time for CAS-before- 
Ra& Refresh 

* CHR 

10 

- 

12 

- 

15 

- 

ns 

Q 

Access Time from 5E 

L_gJ 

»OEA 

— 

20 

— 

20 

— 

25 

ns 


nT'MiiiilMi 

|10 | 

1 OEZ 

- 

15 

- 

20 

- 

25 

m 

19 

OE to RAS Lead Time for Valid Data 

* OEL 

10 

— 

10 

— 

10 

— 

ns 

19 

OE Hold Time Referenced to WE 

[HO 

l OEH 

0 

— 

0 

— 

0 

— 

ns 

n 

OE to Data In Delay Time 

1 OED 

15 

— 

20 

— 

25 

— 

ns 

19 

DIN to CAS Delay Time 

|K»I 

t DZC 

0 

— 

0 

— 

0 

— 

ns 

Q 

DIN to OE Delay Time 

|17 1 

1 DZO 


— 

0 

— 

0 

- 

ns 

B 

Fast Page Mode Read/Write 

Cycle Time 

1 PC 

50 

- 

55 

- 

65 

- 

ns 

9 

Fast Page Mode Read-Modify-Write 

Cycle Time 

1 PRWC 

87 

- 

100 

- 

120 

- 

ns 

o 

Access Time from CAS Precharge 

m 

1 CPA 

— 

45 

— 

50 

— 

60 

ns 

B 

Fast Page Mode CAS Precharge Time 

*CP 

10 

- 

10 

- 

10 

- 

ns 


Notes: 

1 . Referenced to VSS 

2. lex: depends on the output load conditions and cycle rates; The 
specified values are obtained with the output o pen. 

Icc de pends on the number of address change as HAS = Vil and 
CAS * Vih. 

Icci , Iceland Ices are s pecifie d at three time of address change 
during HaS * Vil and CaS = Vih. 

Icc4 i s spe cified at one time of address change during HAS = Vil 
and CAS = Vih. 

3. An Initial pause (RAS =CA5 = VIH) of 200jis is required after 
power-up followed by any eight HAS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimu m of eight CAS -before- RAS initialization 
cycles instead of 8 HAS cycles are required. 

4. AC characteristics assume tr = 5ns 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRCD^ tRCD (max), tRAO^ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that Ircd exceeds 
the value shown. Refer to Fig. 2 and 3. 

7. Assumes that tRCD> tRCD (max), tRAO> tRAD (max). If tASC > 
tAA - tcAC - tT, access time is Icac. 

8. If tRAD ^ tRAD (max) and Iasc is tAA — tcAC -It, access time is 
tAA ■ 


9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 
impedance state. 

1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tcAC or tAA . 

12. tRCD (min) = tRAH (min)+ 2tT + tASC (min) 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAC or t aa . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. twes is specified as a reference point only. If twes 2: twes 
(min) the data output pin will remain High-Z state through entire 
cycle. 

16. Assumes that twes <twcs (min) 

17. Either Idzc or tDZO must be satisfied. 

1 8. tcPA is access time from th e selec tion of a new column address 
(that is caused by changing CAS from “L" to “H"). Therefore, if 
tep is shortened, tcPA is longer than tcPA (max). 

19. Assumes that CAS -before- RAS refresh, CAS -before- RAS 
refresh counter test cycle only. 
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FUNCTIONAL TRUTH TABLE 


iMHHgi 

Crock Input 

HMMM 

Incut Data 

:;:v ; Refresh 

Note 


MM 

mm 

MM 

lfTra?lll§ 

EMM 



Standby 

D 

a 

a 

D 

— 

— 

— 

High-Z 

— 


Read Cycle 

B 

B 

B 

L 

Valid 

Valid 

— 

Valid 

Yes * 

tRCS^tRcs (min) 

Write Cycle 
(Early Write) 

■ 

■ 

■ 

H 

Valid 

Valid 

Valid 

High-Z 

Yes * 

twcs^twcs (min) 

Read-Modify- 
Write Cycle 

■ 

■ 

H— >L 

L— >H 

Valid 

Valid 

Valid 

Valid 

Yes * 


PlA^-only 

Refresh Cycle 

L 

H 

B 

B 

Valid 

— 

— 

High-Z 

Yes 


6AS-before- 
HaS Refresh 

Cycle 

n 

H 

D 

B 

- 

- 

- 

High-Z 

Yes 

tcsR^twcsR (min) 

Hidden Refresh 

H— >L 

D 

D 

D 

- 

- 

- 

Valid 

Yes 

Previous data 
is kept. 


X; "H" or V 

*; It is impossible in Fast Page Mode 
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Fig. 5 - EARLY WRITE CYCLE ( OE = “H” or “L” ) 


RAS 


CAS 


A „ to A „ 


WE 


DQ 

(Input) 








DQ V ° H 
(Output) ^OL 


HIGH-Z 



DESCRIPTION 

A write cycle is similar to a read cycle except WE is set to a Low state and OE is a “H” or “L” signal. A write cycle can be imple- 
mented in either of three ways - early write, "OE write (delayed write), or read-modify-write. During all write cycles, timing parame- 
ters tRWL, tCWL and tRAL must be satisfied. In the early write cycle shown above tWCS satisfied, data on the DQ pin is latched with 
the falling edge of CAS and written into memory. 
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Fig. 7- READ-MODIFY-WRITE CYCLE 



DESCRIPTION 

The read-modify-write cycle is executed by changing WE from High to Low after the data appears on the DQ pins. In the 
read-modify-write cycle, Z3ET must be changed from Low to High after the memory access time. 
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Fig. 8 - FAST PAGE MODE READ CYCLE 



DESCRIPTION 

The fast page mode of operation permits faster successive memory operations at multiple column locations of the same row address. 
This operation is performed by strobing in the row address and maintaining &AS at a Low level and WET at a High level during all 
successive memory cycles in which the row address is latched. The access time isdetermined by tCAC, tAA, tCPA, or tOEA, which- 
ever one is the latest in occuring. 
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Fig. 9 - FAST PAGE MODE WRITE CYCLE ( OE = “H” or “L” ) 



H*orL" 


DESCRIPTION 


The fast page mode write cycle is executed in the same manner as the fast page mode read cycle except the states of WE and OE 
are reversed. Data appearing on the DQ pins is latched on the falling edge of CAS and written into memory. During the fast page 
mode write cycle, including the delayed (OE) write and read-modify-write cycles, tCWL must be satisfied. 
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Fig. 10 - FAST PAGE MODE OE WRITE CYCLE 



DESCRIPTION 


The fast p ag e mode OE (delayed) write cycle is executed in the same manner as the fast page mode write cycle except for the states 
of WE and OE. Input data on the DQ pins are latched on the falling edge of WE and written into memory. In the fast page mode 
delayed write cycle, E)E must be changed from Low to High before WE goes Low (tOED + tDS). 
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M B81 C4256 A-70L 
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Fig. 11 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



During fast page mode of operation, the read-modify-write cycle can be executed by switching WE from High to Low after input 
date appears at the DQ pins during a normal cycle. 
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Fig. 12 - RAS-ONLY REFRESH (WE = OE = “H” or “L”) 



DESCRIPTION 

Refresh of RAM memory cells is accomplished by performing aread, a write, or a read-modify-write cycle at each of 51 2 row addresses every 
8.2-milliseconds. Three refresh modes are available: RAS-only refresh, CAS-before-RAS refresh, and hidden refresh. 

RAS-only refr esh is perfor med b y keeping RaS Low and CAS High throughout the cycle; the row address to be refreshed is latched on the 
falling edge of RaS. During RAS-only refresh, Dout pin is kept in a high-impedance state. 


Fig. 13 - CAS-BEFORE-RAS REFRESH ( ADDRESSES = WE = OE = “H” or “L” ) 



DESCRIPTION 

CAS-before-RAS refresh is an on-chip refresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time (tcsR) before PEAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
SAS-before-EAS refresh operation. 
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Fig. 14 - HIDDEN REFRESH CYCLE 



DESCRIPTION 

A hidden refresh cycle may be performed while maintaining the latest valid data at the output by extending the active time of CaS and cycling 
RA2. The refresh row address is provided by the on-chip refresh addresscounter. This eliminates the need for the external row address that is 
required by DRAMs that do not have CAS-before-RA5 refresh capability. 
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Fig. 15 - CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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DESCRIPTION 


A special timing sequence using the CAS-before-RAS refresh counter test cycle provides a convenient method to verify the functionality of 
CAS-before-RAS refresh circuitry. If, after a CAS-before-RAS refresh cycle. CAS makes a transition from High to Low while RAS is held Low, 
read and write operations are enabled as shown above. Row and column addresses are defined as follows: 


Row Address: Bits AO through A8 are defined by the on-chip refresh counter. 

Column Address: Bits AO through A8 are defined by latching levels on A0-A8 at the second falling edge of CAS. 


The CA5-before-”RAB Counter Test procedure is as follows ; 

1) Initialize the internal refresh address counter by using 8 CAS-before-RAS refresh cycles. 

2) Use the same column address throughout the test. 

3) Write “0” to all 512 row addresses (DQ1 to DQ4) at the same column address by using normal wri te cy cles. 

4) Read “0" written in procedure 3) and check; simultaneously write “1" to the same addresses by using CAS-before-RAS refresh 
counter test (read-modify-write cycles). Repeat this procedure 512 times with addresses generated by the internal refresh 
address counter. 

5) Read and check data written in procedure 4) by using normal read cycle for all 512 (DQ1 to DQ4) memory locations. 

6) Complement test pattern and repeat procedures 3), 4), and 5). 


(At recommended operating conditions unless otherwise noted.) 


No* 

Parameter 

Symbol 

lllll. M B81C4256A ' 
-70L 

MB$1C42$6A , 

- -80L 

WB$1C4?56A 

-10L 

Unft 


IKIIB 


Max 

'•Min 11 



Access Time from CAS 

^ FCAC 

- 

45 

- 

50 

- 

60 

ns 


Note . Assumes that CAS-before-RAS refresh counter test cycle only. 
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PACKAGE DIMENSIONS 


(Suffix : -P) 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE NO.: DIP-20P-M03) 





.283± .006 
(•7.20±0.15) 



■ 050(1.27) ,100(2.54) 



197(5.00) MAX 


• 018+ 002 ' 

^ ~ 002 .020(0.51) MIN 


©1988 FUJITSU LIMITED D20011S-1C 


inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -C) 

20-LEAD CERAMIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20C-A03) 



Dimensions in 
inches (millimeters) 

©1988 FUJITSU LIMITED D20012S-2C 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER (SOJ-26) 
(CASE No.: LCC-26P-M04) 




©1990 FUJITSU LIMITED C26054S-1C 


2. Although this package has 20 leads only, its pin positions are the same as that 
that of 26-lead package. 


3. Dimensions in inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PSZ) 


20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 
(CASE No.: ZIP-20P-M02) 



01989 FUJITSU LIMITED Z20002S-4C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: -PFTN ) 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M04) 


LEAD No. 





o l 


INDEX 


o 

s- §* 

"A" = 




.630± .008 
(1 6 . 00 ± 0 . 20 ) 

,567± .008 
(14.40±0.20) 


(15.00 ±0.20) 


Details of "A" part 


.006 (0.15) 
MAX 


.014(0.35) 

MAX 


| .006(0.15) Ml .010(0.25) j 

i i 

.236 ±008 

h6.00±0.20r| 




.006 ±.002 

.217(5.50) 



(0.1 5 ±0.05) 

REF 


H 

— 

1 .0197(0.50) 




.047(1.20) MAX 
(SEATED HEIGHT) 


.020 ±.004 
(0.50±0.10) 


0(0) MIN 
(STAND OFF) 


.008 ± 004 r 

(0.20±0.10) l 


1990 FUJITSU LIMITED F24020S-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix: - pftr ) 

24-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-24P-M05) 




©1990 FUJITSU LIMITED F24021S-2C 


Dimensions in 
inches (millimeters) 
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DATA SHEET 


FUJITSU 


MB 814 1 0O-8O/-10/-12 

CMOS 4, 194,304 BIT FAST PAGE MODE DYNAMIC RAM 


CMOS 4,194,304 x 1 Bit Fast Page Mode Dynamic RAM 

The Fujitsu MB81 41 00 is afully decoded CMOS dynamic RAM (DRAM) that contains a 
total of 4,1 94,304 memory cells in a x 1 configuration. The MB81 41 00 features a fast 
page mode of operation whereby high-speed, random access of up to 2,048-bits of 
data within the same row can be selected. The MB81 41 00 DRAM is ideally suited for 
mainframes, buffers, hand-held computers, and other memory applications where 
very low power dissipation and compact layout are basic requirements of the design. 
Since the standby current of the MB814100 is very low, the device can be used in 
equipment that uses batteries for primary and/or auxiliary power. 

The MB814400 is fabricated using silicon gate CMOS and Fujitsu’s advanced 
Four-layer Polysilicon process. This process, coupled with three-dimensional stacked 
capacitor memory cells, reduces the possibility of soft errors and extends the time 
interval between memory refreshes. Clock timing requirements for the MB81 41 00 are 
not critical and all inputs are TTL compatible. 


Features 


' . f^ratriSler': 

MB814100-8Q 

MB814100-10 

MB8141 00-12 

RAS Access Time 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

25 ns max. 

30 ns max. 

35 ns max. 

Fast Page Mode Cycle Time 

55 ns min. 

60 ns min. 

70 ns min. 

Low Power Dissipation 
• Operating Current 

413 mW max. 

358 mW max. 

303 mW max. 

• Standby Current 

11 mW max. (TTL level)/5.5 mW max. (CMOS level) 


• 4,1 94,304 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 1 024 refresh cycles every 1 6.4 ms 

• Common I/O capability by using 
early write 


• RAS only, CAS-before-RAS, or 
Hidden Refresh 

• Fast page Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 



ZIP-20P-M02 


This device contains circuitry to protect the Inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 


Absolute Maximum Ratings (See Note) 


Parameter • 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V,n.V 0 ut 

-1 to +7 

V 

Voltage of Vcc supply relative to Vss 

Vcc 

-1 to +7 

V 

Power Dissipation 

PD 

1.0 

W 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Tstg 

-55 to +125 

°C 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics. Inc. 
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MB81 41 00-80 
MB81 41 00-10 
MB814100-12 



CAPACITANCE (T a = 25°C, f = 1 MHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance, AO to A 10, DIN 

C IN1 

— 

5 

PF 

Input Capacitance, RAS.CAS, WE 

msm 

— 

5 

PF 

Output Capacitance, DOUT 

C OUT 

— 

5 

pF 
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PIN ASSIGNMENTS AND DESCRIPTIONS 


IS-PIn DIP: 26-Pin SOJ: 

(TOP VIEW) (TOP VIEW) 




CAS V SS WE A 10 NC. A 1 A 3 A 4 A g A 8 


/ 2 “ 4 i~* 6 >~ • e'H ioH i 2 * ■ 14 H ieH iflH 20H \ 

\ 1!_! 3 •—! SL 1 7!_J 9!_! 11LJ 13LJ 15U 17 LJ 19LJ / 


A 9 °OUT D|N RAS NC. A Q A 2 V CC A 5 A 7 


NfeS 

CbUT 

CAS 

NC. 

Ag 


” 6 
A 5 
*4 


Designator 

Function 

Din 

Data Input. 

DoUT 

Data Output. 

WE 

Write Enable. 

RAS 

Row address strobe. 

NC 

No connection. 

A0 to A10 

Address inputs. 

vcc 

+5 volt power supply. 

CAS 

Column address strobe. 

VSS 

Circuit ground. 


RECOMMENDED OPERATING CONDITIONS 


Parameter Notes 

||ilym|oj|| 

Min 

ililllllll 

Typ 

Max 

Unit 

Ambient 

Operating Temp j|| 

Supply Voltage | 1 | 

V C c 

4.5 

5.0 

5.5 

V 

0 °C to +70 °C 

Vss 

0 

0 

0 

Input High Voltage, all inputs [ 1 1 

VIH 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs |"l~| 

VIL 

-2.0 

- 

0.8 

V 
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FUNCTIONAL OPERATION 


ADDRESS INPUTS 

Twenty-two input bits are required to decode any one of 4, 1 94,304 cell addresses in the memory matrix. Since only eleven address bits (A0-A1 0) are 
available, the column and row inputs are separately strobed by HAS and CAS as shown in Figure 4. First, eleven row address bits are applied on pins 
AO-through-AIOand latched with the row address strobe (TO3 ) then, eleven column address bits are applied and latched with the column address 
strobe (CAS ). Both row and column addresses must be stable on or beforethe falling edge of RAS and CAS , respectively. The address latches are of 
the flow-through type; thus, address information appearing after Irah (min)+ tr is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Input data is written into memory in either of two basic ways — an early write cycle and a read-modify-write cycle. The falling edge ofWE or CAS , 
whichever is later, serves as the input data-latch strobe. In an early write cycle, the input data is strobed by CAS and the setup/hold times are 
referenced to CAS because WE goes Low before CAS . In a delayed write or a read-modify-write cycle, WE goes Low after CAS ; thus, inputdatais 
strobed by WE and all setup/hold times are referenced to the write-enable signal. 

DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions; 

tRAC : from the falling edge of RAC when tRCD (max) is satisfied. 

tCAC : from the falling edge of cAC when tRCD is greater than tRCD (max). 

tAA : from column address input when tRAD is greater than tRAD (max). 

The data remains valid until either CAC returns to a High logic level. When an early write is executed, the output buffers remain in a high-impedance 
state during the entire cycle. 

FAST PAGE MODE OF OPERATION 

The fast page mode of operation provides faster memory access and lower power dissipation. The fast page mode is implemented by keeping the 
same row address and strobing in successive column addresses. To satisfy these conditions, TOS is held Low for all contiguous memory cycles in 
which row addresses are common. For each fast page of memory, any of 2,048-bits can be accessed and, when multiple MB 814100s are used, CAS 
is decoded to select the desired memory fast page. Fast page mode operations need not be addressed sequentially and combinations of read, write, 
and/or ready-modify-write cycles are permitted. 
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DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) Notes 3 


P&r?mter Notes 

Symbol 

Conditions | 

\|f: • Values t 

Unit 

k Min % 

•l'\Typ- ; 

|| Max HI 

Output high voltage 

< 

0 

X 

1 OH = 

2.4 

- 

- 

V 

Output low voltage 

V 0 L 

l 0L = 4.2 mA 

- 

- 

0.4 

Input leakage current (any input) 

'l(L) 

0V<V| N <5.5V; 
4.5V<Vcc^ 5.5V; 

V S s = OV; All other pins 
not under test = OV 

-10 

- 

10 

MA 

Output leakage current 

1 O(L) 

0V<Vout< 5.5V; 

Data out disabled 

-10 

- 

10 

Operating current 
(Average Power 
supply current) 

□ 

MB814100-80 

*CC1 

RAS & CAS cycling; 
tRC = min 

- 

- 

75 

mA 

MB814100-10 

65 

MB814100-12 

55 

Standby current 
(Power supply 
current) 

TTL level 

*002 

RAS =~CAS =V 1H 

- 

- 

0 

cvi 

mA 

CMOS level 

RAS ="CAS > V cc -0.2V 

1.0 

Refresh current #1 
(Average power sup- 
ply current) 1 2 1 

MB8 141 00-80 

^CC3 

CAS = Vih, ftA§ cycling; 
tRC = min 

- 

- 

75 

mA 

MB814100-10 

65 

MB81410O-12 

55 

Fast Page Mode 
current 

MB814100-80 

'CC4 

ftAS =VIL, CAS cycling; 
tpc = min 

- 

- 

75 

mA 

MB814100-10 

65 

MB814100-12 

55 

Refresh current #2 
(Average power sup- 
ply current) QJ 

MB81 4100-80 

*CC5 

RAS cycling; 

CAS-before-RAS; 
tRC = min 

- 

- 

75 

mA 

MB814100-10 

65 

MB814100-12 

55 
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AC CHARACTERISTICS 


(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


No, 

Parameter Notes! 

Symbol 

llliBliil! 

P MB81 41 00-10 

MB814100-12 

1111! 


K2B 



n 

IKISiS 

1 

Time Between Refresh 

^ REF 

— 

16.4 

— 

16.4 

— 

16.4 

ms 

2 

Random Read/Write Cycle Time 

1 RC 

155 

- 

180 

— 

m 

— 

El 

B 

Read-Modify-Write Cycle Time 

1 RWC 

185 

- 

210 

- 

kb 

- 

■E 

4 

Access Time from RAS 1 6 > 9 1 

*RAC 

— 

80 

— 

100 

— 

120 

£ 

5 

Access Time from CAS 1 7,9 | 

£ 

— 

25 

- 

30 

- 

35 

ns 

6 

Column Address Access Time 1 8,9 [ 

l AA 

— 

45 

— 

50 

— 

60 

ns 

7 

Output Hold Time 

l OH 

5 

- 

5 

— 

5 

— 


8 

Output Buffer Turn On Delay Time 

l ON 

5 

- 

5 

- 

5 

— 

ns 

9 

Output Buffer Turn off Delay Time 1 10 1 

toFF 

— 

25 

_ 

25 

— 

25 

ns 

10 

Transition Time 

t T 

3 

50 

3 

50 

3 

50 

ns 

n 

RAS Precharge Time 

*RP 

65 

- 

70 

- 

80 

- 

ns 

ra 

RAS Pulse Width 

1 RAS 

80 

100000 

100 

100000 

120 

100000 

ns 

m 

RAS Hold Time 

^ RSH 

25 

— 

30 

- 

35 

- 

ns 

m 

CAS to RAS Precharge Time 

l CRP 

0 

— 

0 

- 

0 

— 

ns 

S3 

RAS to CAS Delay Time 1 1 1 ,1 2 1 

1 RCD 

22 

55 

25 

70 

25 

85 

ns 

13 

"CAS Pulse Width 

^CAS 

25 

— 

30 

— 

35 

— 


EX 

CAS Hold Time 

^CSH 

80 

- 

100 

- 

120 

- 


E3 

CAS Precharge Time (Normal) 1 17 1 

UpfE 

15 

— 

15 

- 

15 

- 

BBM 

13 

Row Address Set Up Time 

1 ASR 

0 

— 

0 

— 

0 

— 

El 

£31 

Row Address Hold Time 

1 RAH 

12 

— 

15 

— 

15 

— 

ns 

D 

Column Address Set Up Time 

* ASC 

0 

— 

0 

— 

0 

— 

ns 

E9 

Column Address Hold Time 

t CAH 

15 

- 

20 

- 

25 

— 


SI 


^ RAD 

17 

35 

20 

50 

20 

60 

ns 

El 

Column Address to RAS Lead Time 

l RAL 

45 

- 

50 

- 

60 

- 

ns 

□ 

Read Command Set Up Time 

l RCS 

0 

— 

0 

- 

0 

- 


26 

Read Command Hold Time i — — -i 

Referenced to RAS LHJ 

1 RRH 

0 

- 

0 

- 

0 

- 

ns 

27 

Read Command Hold Time . 

Referenced to CAS L-J.1..1 

^RCH 

0 

- 

0 

- 

0 

- 

ns 

m 

Write Command Set Up Time 1 15 j 

twCS 

0 

- 

0 

- 

0 

- 


□ 

Write Command Hold Time 

EE 

15 

— 

20 

— 

25 

- 

ns 

K!B 

WE Pulse Width 

t WP 

15 

— 

20 

— 

25 

- 

ns 

m 

Write Command to RAS Lead Time 

l RWL 

25 

— 

25 

— 

30 

— 

ns 

is 

Write Command to CAS Lead Time 

l CWL 

20 

- 

20 

- 

25 

- 


£ 

DIN set Up Time 

^DS 

0 

- 

0 

- 

0 

- 

££ 

□ 

DIN Hold Time 

^DH 

15 

- 

20 

- 

25 

- 

Q 
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AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


No 

Parameter Notes 

Symbol 

MB81 4 100-80 

MB814100-10 

MB814100-12 

Unit 

M 


MM 

iiiTMl 


WSSSMi 


RAS to WE Delay Time pHT] 

t RWD 

80 

— 

100 

— 

120 

— 

ns 


CAS to WE Delay Time | 15 | 

t cwd 

25 

— 

30 

— 

35 

— 

ns 

B 

Column Address to WE Delay Time | 15 I 

t AWD 

45 

- 

50 

- 

60 

- 

ns 

□ 

RAS Precharge time to CAS 

Active Time (Refresh cvclesl 

1 RPC 

10 

- 

10 

- 

10 

- 

ns 


CAS Set Up Time for CAS-before- 
RAS Refresh 

1 CSR 

0 

- 

n 

- 

0 

- 

ns 

40 

CAS Hold Time for CAS-before- 
RAS Refresh 

! chr 

15 

- 

15 

- 

20 

- 

ns 

41 

WE Set Up Time from RAS 

*WSR 

0 

- 

0 

— 

0 

- 

m 

■a 

WE Hold Time from RAS 

*WHR 

15 

- 

15 

- 

20 

- 

un 

51 

Fast Page Mode Read/Write 

Cycle Time 

1 PC 

55 

- 

60 

- 

70 

- 

ns 

B 

Fast Page Mode Read-Modify-Write 

Cycle Time 

1 PRWC 

85 

- 

90 

- 

105 

- 

ns 


Access Time from CAS Precharge |9,16 1 

1 CPA 

— 

55 

— 

60 

— 

70 

lilli 

^4 

Fast Page Mode CAS Precharge Time 

l CP 

15 

- 

15 

- 

15 

- 

n 


Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc depends on the number of address change as ftAS = Vil and 
CAS = Vih. 

Icci , Ic c3 and Ices are s pecifi ed at three time of address change 
during RAS = Vil and CAS = Vih. 

IcC4 i s spe cified at one time of address change during RAS = Vil 
and CAS = Vih. 

3. An Initial pause ( RAS = CAS = VIH) of 200|0.s is required after 
power-up followed by any eight RAS -only cycles before proper 
device operation is achieved. In case of using internal refresh 
counter, a minimu m of eight CAS -before- RAS initialization 
cycles instead of 8 RAS cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRco^ tRCD (max), tRAD^ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD > tRCD (max), tRAD > tRAD (max), and tASC > tAA - tcAC - 
t t , access time is tcAC . 

8. If tRAD ^ tRAD (max) and tASC < tAA - tcAC - 1 t , access time is 
t M • 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 

impedance state. 


1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tcAC or t aa . 

12. tRCD (min) = tRAH (min)+ 2tT + tASC (min). 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAC or tAA . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wcs , t cwd , t.RWD and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 
characteristic only. If twcs > t wcs (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 
thoughout the entire cycle. If t cwd > t cwd (min), t rwd >t 
rwd (min) , and t awd > t awd (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin , and write operation can be exected by satisfying Irwl , t 
cwl , and tRAL specifications. 

1 6 tcPA is access time from th e selec tion of a new column address 
(that is caused by changing 6A$ from "L” to "H”). Therefore, if 
tcp is long, tc PA is longer th an tcP A (max). 

1 7. Assumes that CA§ -before- RAS refresh. 
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Fig. 2 - 1 RAC vs. tR CD 

Fig. 3 - 1 RAC vs. Viad 
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FUNCTIONAL TRUTH TABLE 


Operation Mode 

Clock I nput 

Address Input 

W ! -U oat# • ' f '" - 

Refresh 

Note 

WM 



Row 

Column 

tnput 

•Output 

Standby 

H 

H 

X 

- 

- 

- 

High-Z 

- 


Read Cycle 

B 

B 

H 

Valid 

Valid 

- 

Valid 

Yes *i 

t RCS ^ t RCS ( min ) 

Write Cycle 
(Early Write) 

L 

L 

L 

Valid 

Valid 

Valid 

High-Z 

Yes *1 

t WCS^ t wcs( m,n ) 

Read-Modify-Write 

Cycle 

L 

D 

H — » L 

Valid 

Valid 

X-> 

Valid 

Valid 

Yes *1 

t CWD ^ t CWD ( m ‘ n ) 

RAS-only 

Refresh Cycle 

B 

H 

X 

Valid 

- 

- 

High-Z 

Yes 


CAS-before-RAS 

Refresh Cycle 

L 

L 

H 

- 

- 

- 

High-Z 

Yes 

t CSR ^ t CSR ( m > n ) 

Hidden Refresh 

Cycle 

H — » L 

L 

H 

n 

- 

- 

Valid 

Yes 

Previous data is 
kept 


Notes: 


X : -H" or H L” 

*1 : It is impossible in Fast Page Mode. 
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Fig. 4 - READ CYCLE 



DESCRIPTION 

The read cy cle is exe cuted by keeping both RAS and 6AS “L" and keeping WE“ H" throug hout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectively. The data output re main s valid with CAS "L", ie. , if CAS goes “H" , the data beco m es inv alid after tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 
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Fig. 6 - READ WRITE/READ-MODIFY-WRITE CYCLE 




Dout Voh — 


DESCRIPTION 

The read-modify-write cycle is executed by changing WE from "H" to “L" after the data appears on the DOUT pin. 
After the current data is read out, modified data can be rewritten into the same address quickly. 
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Fig. 7 - FAST PAGE MODE READ CYCLE 



j ' | "H" or "L" 


DESCRIPTION 

The fast page mode read cycle is executed afte r norm al c ycle with holding RAS “L", applying column address and CAS, and keeping WE “H” . 
Once an address is select ed no rmally using the RAS and CAS, other addresses in the same row can be selected by only changing the column 
address and applying the CAS. During fast page mode, the access time is tCAC, tAA, or tCPA, whichever occurs later. 

Any of the 2048 bits belonging to each row can be accessed. 
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Fig. 8 - FAST PAGE MODE WRITE CYCLE ( Early Write ) 


_ 

WE v„ 



L huw w: : w cul 

addIA A add 


H - — I'wch 

I l t CWL 



l wcs -H pj* wch I 
iTT ! cwl "T 



Dout ^oh 

i 


DESCRIPTION 

The fast page mode write cycle is executed by the sa me m anner as fast page mode read cycle except for the state of WE. 

The data on DIN pin is latched with the failing edge of CAS and written into the memory. During fast page mode write cycle, tCWL must be 
satisfied. Any of the 2048 bits belonging to each row can be accessed. 
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Fig. 9 - FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


WE Vih— 
Vil— 


Din Vih— 
Vil— 




— * tRAC *j 

\+— tAA -*1 

1 I tCAC 

-I M 



tOFF \ t cAC III tOFF 


-M «■ 



VALID VALID DATA 


DESCRIPTION 

During fast page mode, the read-modify-write cycle can be executed by changing WE high to low after the data appearsat DOUT pin as well 
as normal cycle. Any of the 2048 bits belonging to each row can be accessed. 
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Fig. 10 - RAS-ONLY REFRESH (WE, DIN, A10 = “H” or “L”) 



The refresh of DRAM is executed by normal read, write or read-modify-write cycle, i.e., the cells on the one row line are also refreshed by 
executing one of three cycles. 1024 rowaddress must be refreshed every 16.4ms period. During the refresh cycle, the cel l data connected to 
the s elected row a re sent to sense amplifier and re-written to the cell. The MB81 41 00 has three types of refresh modes, RAS-only refresh, 
CAS-before-RAS refresh, and Hidden refresh. 

The RAS only refres h is executed by keeping RAS B L" and CAS "H” throughout the cycle. The row address to be refreshed is latched on the 
falling edge of RAS. During RAS-only refresh, the DOUT pin is kept in a high impedance state. 


Fig. 11 - CAS-BEFORE-RAS REFRESH (A0 to A10, DIN=“H” or “L”) 



The CAS-be fore- RAS refresh is executed by bringing CAS "L" before RAS. By this timing combination, the MB814100 executes 
CAS-before-RAS refresh. The row address input is not necessa ry be cause it is generated internally. 

WE must be held M H" for the specified set up time (tWSR) before RAS goes “L" in order not to enter “test mode” to be specified later. 
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PACKAGE DIMENSIONS 


(Suffix : -P) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJN) 


26-LEAD PLASTIC LEADED CHIP CARRIER 



2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package. 

Dimensions in 

©1989 FUJITSU LIMITED C26054S-1C inches (millimeters) 
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MB81 41 00-80 
MB81 41 00-10 
MB814100-12 

PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJ) 

26-LEAD PLASTIC LEADED CHIP CARRIER 

(Case No. : LCC-26P-M03) 


* 



©1988 FUJITSU LIMITED C26053S 1C * Remaining Resin .006(0. 1 5) MAX inches (millimeters). 
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PACKAGE DIMENSIONS (Continued) 


(Suffix : -PSZ) 


20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 

(Case No. : ZIP-20P-M02) 




© 1989 FUJITSU LIMITED Z20002S-4C 


Dimensions in 
inches (millimeters) 
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November 1990 
Edition 1.0 


DATA SHEET 


FUJITSU 


MB 814100 - 80 U-iou-i 2 L 

CMOS 4M x 1 BIT FAST PAGE MODE LOW POWER DYNAMIC RAM 


CMOS 4M x 1 Bit Fast Page Mode Low Power Dynamic RAM 

The Fujitsu MB81 41 00 is af ully decoded CMOS dynamic RAM (DRAM) that contains a 
total of 4,1 94,304 memory cells in a x 1 configuration. The MB81 41 00 features a fast 
page mode of operation whereby high-speed, random access of up to 2,048-bits of 
data within the same row can be selected. The MB814100 DRAM is ideally suited for 
mainframes, buffers, hand-held computers, and other memory applications where 
very low power dissipation and compact layout are basic requirements of the design. 
Since the standby current of the MB814100 is very low, the device can be used in 
equipment that uses batteries for primary and/or auxiliary power. 

The MB814400 is fabricated using silicon gate CMOS and Fujitsu’s advanced 
Four-layer Polysilicon process. This process, coupled with three-dimensional stacked 
capacitor memory cells, reduces the possibility of soft errors and extends the time 
interval between memory refreshes. Clock timing requirements for the MB8141 00 are 
not critical and all inputs are TTL compatible. 


Features 


• Parameter"'- O'”:/ 

M B81 41 OtFSOL : 

msuifanL 

MB814100-12L 

RAS Access Time 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

25 ns max. 

25 ns max. 

30 ns max. 

Fast Page Mode Cycle Time 

55 ns min. 

60 ns min. 

70 ns min. 

Low Power Dissipation 
• Operating Current 

413 mW max. 

358 mW max. 

303 mW max. 

• Standby Current 

11 mW max. (TTL level)/1 .1 mW max. (CMOS level) 


4,1 94,304 words x 1 bit 
organization 

Silicon gate, CMOS, 3D-Stacked 

Capacitor Cell 

All input and output are TTL 

compatible 

1024 refresh cycles every 128 ms 
Common I/O capability by using 
early write 


• RAS only, CA5-before-RAS, or 
Hidden Refresh 

• Fast page Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 


Absolute Maximum Ratings (See Note) 


Parameter 

| Symbb! 

Value 

Unit 

Voltage at any pin relative to Vss 

V,n.V 0 ut 

-1 to +7 

V 

Voltage of Vcc supply relative to V S s 

Vcc 

-1 to +7 

V 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Tstg 

-55 to +125 

°C 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



DIP-1 8P-M04 


LCC-26P-M04 



ZIP-20P-M02 


T.B.D. T.B.D. 


FPT-26P-M01 FPT-26P-M02 


This device contains circuitry to protect the Inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics. Inc. 
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DATA SHEET 


FUJITSU 


MB814101-80/-10/-12 

CMOS 4, 194,304 BIT NIBBLE MODE DYNAMIC RAM 


CMOS 4,194,304 x 1 Bit Nibble Mode Dynamic RAM 

The Fujitsu MB814101 is a fully decoded CMOS dynamic RAM (DRAM) that contains a 
total of 4,1 94,304 memory cells in ax 1 configuration. The MB81 41 01 features a nibble 
mode of operation whereby high-speed serial access of up to 4 bits of data can be 
selected. The MB814101 DRAM is ideally suited for mainframes, buffers, hand-held 
computers, and other memory applications where very low power dissipation and 
compact layout are basic requirements of the design. Since the standby current of the 
MB814101 is very low, the device can be used in equipment that uses batteries for 
primary and/or auxiliary power. 

The MB814101 is fabricated using silicon gate CMOS and Fujitsu’s advanced 
Four-layer Polysilicon process. This process, coupled with three-dimensional stacked 
capacitor memory cells, reduces the possibility of soft errors and extends the time 
interval between memory refreshes. Clock timing requirements for the MB814101 are 
not critical and all inputs are TTL compatible. 

Features 


■■ . ^aronieier 

MB814101-80 

MB014101-1O 

MB8l4i0l-12|| 

RAS Access Time 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

25 ns max. 

30 ns max. 

35 ns max. 

Nibble Mode Cycle Time 

50 ns min. 

55 ns min. 

60 ns min. 

Low Power Dissipation 
• Operating Current 

413 mW max. 

358 mW max. 

303 mW max. 

• Standby Cunent 

11 mW max. (TTL level)/5.5 mW max. (CMOS level) 


• 4,1 94,304 words x 1 bit 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 1 024 refresh cycles every 1 6.4 ms 

• Common I/O capability by 
using early write 


• RAS only, CAS-before-RAS, or 
Hidden Refresh 

• Nibble Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 



DIP-1 8P-M04 

& 


LCC-26P-M04 



ZIP-20P-M02 


This device contains circuitry to protect the Inputs against 
damage due to high static voitagee or electric fields. However, it 
is adv&ed that normal precautions betaken to avoid application 
of any voltage higher than maximum rated voitagee to this high 
impedanoe circuit 


Absolute Maximum Ratings (See Note) 


' Parameter !!l!l!l||||||l 

Symbol ;> 

vaJuo . ir 

Unit 

Voltage at any pin relative to Vss 

V|N. V OUT 

-1 to +7 

IDHI 

Voltage of Vcc supply relative to Vss 

Vcc 

-1 to +7 

■OH 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Tstg 

-55 to +125 

mam 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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CAPACITANCE (Ta= 25°C, f = 1MHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance, AO to A 10, DIN 

C|N1 

__ 

5 

pF 

Input Capacitance, RAS.CAS, WE 

C IN2 

— 

5 

PF 

Output Capacitance, DOUT 

C OUT 

— 

5 

pF 
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PIN ASSIGNMENTS AND DESCRIPTIONS 


18-Pin DIP: 26-Pin SOJ: 

(TOP VIEW) ( T0P V,EW) 



CAS V SS WE A 10 NC. A , 




Mss 

P3U T 

CAS 

NC. 

a 9 


A 6 
A 5 
*4 


A 9 d OUT D IN RAS NC. A Q A 2 V CC A 5 A 7 


Designator 

Function 

din 

Data Input. 

dout 

Data Output. 

WE 

Write Enable. 

RAS 

Row address strobe. 

NC 

No connection. 

AO to A10 

Address inputs. 

VCC 

+5 volt power supply. 

CAS 

Column address strobe. 

VSS 

Circuit ground. 


RECOMMENDED OPERATING CONDITIONS 


. : Parameter Notes 

Symbol 

Min 

Typ 

. .V : Max !§!|§ 

Unit 

: :i Ambient 
Opieradng:Terhp;v|: 

Supply Voltage | t | 

Vcc 

4.5 

5.0 

5.5 

V 

0 °C to +70 °C 

v ss 

0 

0 

0 

Input High Voltage, all inputs | 1 | 

VIH 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs | 1 | 

VIL 

-2.0 

- 

0.8 

V 
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FUNCTIONAL OPERATION 

ADDRESS INPUTS 

Twenty-two input bits are required to decode any one of 4, 1 94,304 cell addresses in the memory matrix. Since only eleven address bits (A0-A1 0) are 
available, the column and row inputs are separately strobed by HAS and CAS as shown in Figure 4. First, eleven row address bits are applied on pins 
AO-through-AI 0 and latched with the row address strobe (RTS ) then, eleven column address bits are applied and latched with the column address 
strobe (CA§ ). Both row and column addresses must be stable on or before the falling edge ofRAS and CAS , respectively. The address latches are 
of the flow-through type; thus, address information appearing after fcAH (min)+ tr is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Input data is written into memory in either of two basic ways — an early write cycle and a read-modify-write cycle. The falling edge ofWE or CAS , 
whichever is later, serves as the input data-latch strobe. In an early write cycle, the input data is strobed by CAS and the setup/hold times are 
referenced to CA5> because WE goes Low before CAS . In a delayed write or a read-modify-write cycle, WE goes Low after CAS ; thus, input data is 
strobed by WE and all setup/hold times are referenced to the write-enable signal. 

DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

tRAC : from the falling edge of Ra§ when tRco (max) is satisfied. 

tCAC : from the falling edge of CaS when tRco is greater than tRCD (max). 

tAA : from column address input when tRAO is greater than tRAD (max). 

The data remains valid until either CAS returns to a High logic level. When an early write is executed, the output buffers remain in a high-impedance 
state during the entire cycle. 



MB814101-80 

MB814101-10 

MB814101-12 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) Notes 3 




Paramler Notes 

llllli! 

Conditions 


Unit 

llllli 

illiill 

Max 

Output high voltage 

< 

0 

X 

1 = -5 m A 

mm 

- 

- 

D 

Output low voltage 

V OL 

l 0L = 4.2 mA 

— 

— 

0.4 

Input leakage current (any input) 

1 KL) 

0V<Vin^5.5V; 

4.5 V£V CC ^ 5.5V; 

V ss = All other pins 

not under test = OV 

-10 

- 

10 

MA 

Output leakage current 

1 O(L) 

0V^Voui< 5.5V; 

Data out disabled 

-10 

- 

10 

Operating current 
(Average Power 
supply current) 

□ 

MB814101-80 

•cci 

RAS & CAS cycling; 
tRC = min 

- 

- 

75 

mA 

MB814101-10 

65 

MB814101-12 

55 

Standby current 
(Power supply 
current) 

TTL level 

*CC2 

RAS =*CAS =V, H 

RAS ="CAS ^V cc -0.2V 

1 

- 

2.0 

mA 

CMOS level 

1.0 

Refresh current #1 
(Average power sup- 
ply current) 2 1 

MB814101-80 

*CC3 

CAS = VIH, RAC cycling; 
tRC = min 

- 

- 

75 

mA 

MB814101-10 

65 

MB814101-12 

55 

Nibble Mode current 

□ 

MB814101-80 

’CC4 

RAC =VIL, CA5 cycling; 
tNC = min 

- 

- 

50 

mA 

MB814101-10 

45 

MB814101-12 

40 

Refresh current #2 
(Average power sup- 
ply current) QJ 

MB814101-80 

*CC5 

RAS cycling; 
CAC-before-RAS; 
tRC = min 

- 

- 

75 

mA 

MB814101-10 

65 

MB814101-12 

55 
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AC CHARACTERISTICS 


(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


No. 

Parameter 

Notes: 

Symbol 

MB0141 01-80 

Siillililll 

MB8141 01-12 

Unit 

lliill 

Wax 

ii iii 

Max 

: Mitt 

Max 

1 

Time Between Refresh 

! ref 

— 

16.4 

— 

16.4 

— 

16.4 

ms 

2 

Random Read/Write Cycle Time 

1 RC 

155 

— 

180 

— 

210 

— 

ns 

3 

Read-Modify-Write Cycle Time 

t 

" RWC 

185 

- 

210 

- 

245 

- 

ns 

4 

Access Time from RAS 

ran 

l RAC 

— 

80 

— 

100 

— 

120 

ns 

5 

Access Time from CAS 

1 7,9 | 

l CAC 

— 

25 

- 

30 

- 

35 

ns 

6 

Column Address Access Time 

1 1 

l AA 

— 

45 

— 

50 

— 

60 

ns 

7 

Output Hold Time 

t0H 

5 

— 

5 

— 

5 

— 

ns 

8 

Output Buffer Turn On Delay Time 

toN 

5 

- 

5 

— 

5 

— 

ns 

9 

Output Buffer Turn off Delay Time 

Hoi 

l OFF 

— 

25 

— 

25 

— 

25 

ns 

10 

Transition Time 

tj 

3 

50 

3 

50 

3 

50 

ns 

11 

RAS Precharge Time 

*RP 

65 

— 

70 

— 

80 

— 

ns 

12 

RAS Pulse Width 

Iras 

80 

100000 

100 

100000 

120 

100000 

ns 

13 

RAS Hold Time 

*RSH 

25 

- 

30 

- 

35 

- 

ns 

14 

CAS to RAS Precharge Time 

l CRP 

0 

— 

0 

— 

0 

— 

ns 

15 

RAS to CAS Delay Time 

|11,12| 

1 RCD 

22 

55 

25 

70 

25 

85 

ns 

16 

CAS Pulse Width 

l CAS 

25 

— 

30 

- 

35 

— 

ns 

17 

CAS Hold Time 

r CSH 

80 

- 

100 

- 

120 

- 

ns 

18 

CAS Precharge Time (Normal) 

DD 

l CPN 

15 

— 

15 

- 

15 

- 

ns 

19 

Row Address Set Up Time 

l ASR 

0 

— 

0 

— 

0 

— 

ns 

20 

Row Address Hold Time 

* RAH 

12 

— 

15 

— 

15 

— 

ns 

21 

Column Address Set Up Time 

* ASC 

0 

— 

0 

— 

0 

— 

ns 

22 

Column Address Hold Time 

tcAH 

15 

- 

20 

- 

25 

- 

ns 

23 

RAS to Column Address Delay Timel 13 I 

*RAD 

17 

35 

20 

50 

20 

60 

ns 

24 

Column Address to RAS Lead Time 

1 RAL 

45 

- 

50 

— 

60 

— 

ns 

25 

Read Command Set Up Time 

IrCS 

0 

— 

0 

- 

0 

- 

ns 

26 

Read Command Hold Time 
Referenced to RAS 

1 14 I 

1 RRH 

0 

- 

0 

- 

0 

- 

ns 

27 

Read Command Hold Time 
Referenced to CAS 

1 14 | 

Irch 

0 

- 

0 

- 

0 

- 

ns 

28 

Write Command Set Up Time 

|15| 

*WCS 

0 

- 

0 

- 

0 

- 

ns 

29 

Write Command Hold Time 

twCH 

15 

— 

20 

— 

25 

- 

ns 

30 

WE Pulse Width 

t wp 

15 

— 

20 

— 

25 

- 

ns 

31 

Write Command to EAS Lead Time 

*RWL 

25 

— 

25 

— 

30 

— 

ns 

32 

Write Command to CAS Lead Time 

l CWL 

20 

- 

20 

— 

25 

- 

ns 

33 

DIN set Up Time 

bs 

0 

- 

0 

- 

0 

- 

ns 

34 

DIN Hold Time 

t DH 

15 

- 

20 

- 

25 

- 

ns 
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MB814101-80 

MB814101-10 

MB814101-12 


AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


No. 

Parameter 

Notes 

. 

Symbol 

MB814101-80 

MB814101— 10 

MB81 4101-1 2 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

35 

RAS to WE Delay Time 

1 15 | 

t RWD 

80 

— 

100 

— 

120 

— 

ns 

36 

CAS to WE Delay Time 

1 15 1 

t CWD 

25 

— 

30 

— 

35 

— 

ns 

37 

Column Address to WE Delay Time 1 15 1 

t AWD 

45 

- 

50 

- 

60 

- 

ns 

38 

RAS Precharge time to CAS 

Active Time (Refresh cycles) 

{ RPC 

10 

- 

10 

- 

10 

- 

ns 

39 

CAS Set Up Time for CAS-before- 
RAS Refresh 

1 CSR 

0 

- 

0 

- 

0 

- 

ns 

40 

CAS Hold Time for CAS-before- 
RAS Refresh 

l CHR 

15 

- 

15 

- 

20 

- 

ns 

41 

WE Set Up Time from RAS 

1 WSR 

0 

- 

0 

— 

0 

- 

ns 

42 

WE Hold Time from RAS 

twHR 

15 

- 

15 

- 

20 

- 

ns 

51 

Nibble Mode Read/Write Cycle Time 

1 NC 

50 

- 

55 

- 

60 

- 

ns 

52 

Nibble Mode Read-Modify-Write 

Cycle Time 

1 NRWC 

75 

- 

80 

- 

90 

- 

ns 

53 

Access Time from CAS Precharge 

Ml 

* NPA 

— 

45 

— 

50 

— 

55 

ns 

54 

Nibble Mode CAS Precharge Time 

l NCP 

15 

- 

15 

- 

15 

- 

ns 


Notes: 

1 . Referenced to VSS 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc d epends on the number of address change as RAS = Vil and 
= Vih. 

Icci , Icc3 and Ices are specified at three time of address change 
during RAS = Vil and CAS = Vih. 

Icc4 i s spe cified at one time of address change during RAS = Vil 
and CAS = Vih. 

3. An Initial pause (RaS =CAS = VIH) of 200fls is required after 
power-up followed by any eight RAS -only cycles before proper 
device operation is achieved. In case of using internal refresh 
counter, a minimu m of eight CAS -before- RAS initialization 
cycles instead of 8 RAS cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and V il (max). 

6. Assumes that tRCD^ tRCD (max), tRAD^ tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD ^ tRCD (max), tRAD > tRAD (max), and tASC>tAA -tcAC - 
t t , access time is tcAC . 

8. If tRAD > tRAD (max) and tASC < tAA - tcAC - 1 t , access time is 
tAA . 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 

impedance state. 


1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tcAC or t aa . 

12. tRCD (min) = tRAH (min)+2tT +tASC (min). 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAC or tAA . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. t wcs , t cwd , t.RWD and tAWD are not a restrictive operating 
parameter. They are included in the data sheet as an electrical 
characteristic only. If twcs > t wcs (min), the cycle is an early 
write cycle and Dout pin will maintain high impedance state 
thoughout the entire cycle. If t cwd > t cwd (min), t rwd >t 
rwd (min) , and t awd > t awd (min), the cycle is a read 
modify-write cycle and data from the selected cell will apper at 
the Dout pin. If neither of the above conditions is satisfied, the 
cycle is a delayed write cycle and invalid data will appear the Dout 
pin , and write operation can be exected by satisfying Irwl , t 
cwl , and tRAL specifications. 

1 6 tNPA is access time from the selec tion of a new column address 
(that is caused by changing CAS from "L” to "H”). Therefore, if 
tcp is long, tc PA is longer th an tcP A (max). 

17. Assumes that CAS -before- RAS refresh. 
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MB814101-10 

MB814101-12 




Fig. 2 - 1 RAC vs. tRCD 

Fig. 3 - 1 RAC vs. t RAD 
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FUNCTIONAL TRUTH TABLE 


" 

Operation Mode 

Clock Inf 

Hit 

Address Input 

— EBiWg 

Refresh 

• Hot* 


151 ' 

BIB 

||y22|§ 

Column 

iiilll 

Output 

Standby 

H 

H 

D 

- 

- 

- 

High-Z 

- 


Read Cycle 

D 

D 

H 

Valid 

Valid 

Bi 

Valid 

Yes *1 

t RCS ^ t R CS ( m i n ) 

Write Cycle 
(Early Write) 

L 

L 

L 

Valid 

Valid 

Valid 

High-Z 

Yes *1 

t wcs* t wcs(^in) 

Read-Modify-Write 

Cycle 

L 

L 

H — > L 

Valid 

Valid 

X-> 

Valid 

Valid 

Yes*1 

t CWD ^ t CWD ( m ' n ) 

RAS-only 

Refresh Cycle 

L 

H 

X 

Valid 

- 

- 

High-Z 

Yes 


CAS-before-RAS 

Refresh Cycle 

L 

L 

H 

B 

- 

- 

High-Z 

Yes 

t csr ^ t csr (min) 

Hidden Refresh 

Cycle 

H — > L 

L 

H 

B 

- 


Valid 

Yes 

Previous data is 
kept 


Notes: 

X: "H" or "L" 

*1 : It is impossible in Nibble Mode. 
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MB814101-80 

MB814101-10 

MB814101-12 


Fig. 4 - READ CYCLE 



tAS d|^ 


A o toA io v' H _ ^ ROW add" 


COLUMN ADD 



DESCRIPTION 

The read cy cle is exe cuted by keeping both RAS and CAS "L” and keeping WE “ H" throug hout the cycle. Therow and column addresses are 
latched with RAS and CAS, respectively. The data output re main s valid with CAS "L", ie., if CAS goes "H” , the data beco m es inv alid after tOH 
is satisfied. The access time is determined by RAS (tRAC), CAS (tCAC), or Column address input (tAA). If tRCD (RAS to CAS delay time)is 
greater than the specification, the access time is tAA. 


2-317 





MB814101-80 

MB814101-10 

MB814101-12 



2-318 






MB814101-80 

MB814101-10 

MB814101-12 



2 


2-319 





MB814101-80 

MB814101-10 

MB814101-12 



2-320 







MB814101-80 

MB814101-10 

MB814101-12 






MB814101-80 

MB814101-10 

MB814101-12 














MB814101-80 

MB814101-10 

MB814101-12 


Fig. 10 - RAS-ONLY REFRESH (WE, DIN, A10 = “H” or “L”) 



The refresh of DRAM is executed by normal read, write or read-modify-write cycle, i.e., the cells on the one row line are also refreshed by 
executing one of three cycles. 1024 row address must be refreshed every 16.4ms period. During the refresh cycle, the cel l data connected to 
the s elected r ow a re sent to sense amplifier and re-written to the cell. The MB81 41 00 has three types of refresh modes, RAS-only refresh, 
CAS-before-RAS refresh, and Hidden refresh. 

The RAS only refres h is exe cuted by keeping “L" and6A§ “H" throughout the cycle. The row address to be refreshed is latched on the 
falling edge of RAS. During RAS-only refresh, the DOUT pin is kept in a high impedance state. 



Fig. 11 - CAS-BEFORE-RAS REFRESH (AO to A10, DIN=“H” or “L”) 



The CAS-be fore- RAS refresh is executed by bringing CAS "L" before RAS. By this timing combination, the MB814100 executes 
CAS-before-RAS refresh. The row address input is not necessa ry be cause it is generated internally. 

WE must be held "H” for the specified set up time (tWSR) before RAS goes “L" in order not to enter "test mode" to be specified later. 
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Fig. 12 - HIDDEN REFRESH CYCLE 



["^Tl " H " or " L " 
|/'/ y .v| Invalid Data 

DESCRIPTION l£dJ 


Th e hidd en refresh is executed by keeping CAS H L” to next cycle, i.e., the output data at pr eviou s cycle i s kept during next refresh cycle. Since 
the CAS is kept low continuously from previous cycle, followed re fresh cycle should be CAS-before-RAS refresh. 

WE must be held “H” for the specified set up time (tWSR) before RAS goes “L” for the secound time in order not to enter “test mode" to be 
specified later. 
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MB814101-12 


PACKAGE DIMENSIONS 

(Suffix : -P) 


18-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-I8P-M04) 




Dimensions in 

©1911 FUJITSU LIMITED D1I01SS-4C inches (millimeters) 


2-325 



MB814101-80 

MB814101-10 

MB814101-12 



PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJN) 


26-LEAD PLASTIC LEADED CHIP CARRIER 



2. Although this package has 20 leads only, its pin positions are the same as that of 26-lead package. 

Dimensions in 

©1989 FUJITSU LIMITED C26064S-1C inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER 

(Case No. : LCC-26P-M03) 





fcThis dimension includes resin protrusion. (Each side:. 006(0. 15) MAX.) 

©1918 FUilTSU LIMITED C26053S-1C 


Dimensions in 
inches (millimeters). 
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PACKAGE DIMENSIONS (Continued) 


(Suffix : -PSZ) 
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November 1990 
Edition 1.0 


cP 


DATA SHEET 

MB 814101 - 80 U-iou-i 2 L 

CMOS 4M x 1 BIT NIBBLE MODE LOW POWER DYNAMIC RAM 



CMOS 4M x 1 Bit Nibble Mode Low Power Dynamic RAM 

The Fujitsu MB81 41 01 is at ully decoded CMOS dynamic RAM (DRAM) that contains a 
total of 4,1 94,304 memory cells in ax 1 configuration. The MB81 41 01 features a nibble 
mode of operation whereby high-speed serial access of up to 4 bits of data can be 
selected. The MB814101 DRAM is ideally suited for mainframes, buffers, hand-held 
computers, and other memory applications where very low power dissipation and 
compact layout are basic requirements of the design. Since the standby current of the 
MB814101 is very low, the device can be used in equipment that uses batteries for 
primary and/or auxiliary power. 

The MB814101 is fabricated using silicon gate CMOS and Fujitsu’s advanced 
Four-layer Polysilicon process. This process, coupled with three-dimensional stacked 
capacitor memory cells, reduces the possibility of soft errors and extends the time 
interval between memory refreshes. Clock timing requirements for the MB814101 are 
not critical and all inputs are TTL compatible. 


Features 


Parameter 

MB814101-80L 

MB814101-10L 

MB814101-12L 

RAS Access Time 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

20 ns max. 

25 ns max. 

30 ns max. 

Nibble Mode Cycle Time 

50 ns min. 

55 ns min. 

60 ns min. 

Low Power Dissipation 
• Operating Current 

413 mW max. 

358 mW max. 

303 mW max. 

• Standby Current 

11 mW max. (TTL level)/1 .1 mW max. (CMOS level) 


4,1 94,304 words x 1 bit 
organization 

Silicon gate, CMOS, 3D-Stacked 

Capacitor Cell 

All input and output are TTL 

compatible 

1 024 refresh cycles every 1 28 ms 
Common I/O capability by 
using early write 


• RAS only, CAS-before-RAS, or 
Hidden Refresh 

• Nibble Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V|N. VoUT 

-1 to +7 

HEU 

Voltage of Vcc supply relative to Vss 

Vcc 

-1 to +7 

HDH 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Tstg 

-55 to +125 

mam 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 



ZIP-20P-M02 


T.B.D. T.B.D. 

FPT-26P-M01 FPT-26P-M02 

This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 
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June 1990 
Edition 1.0 


DATA SHEET 


FUJITSU 


MB814400-80/-10/-12 

CMOS 4, 194,304 BIT FAST PAGE MODE DYNAMIC RAM 


CMOS 1,048,576 x 4 Bits Fast Page Mode Dynamic RAM 

The Fujitsu MB81 4400 is afully decoded CMOS Dynamic RAM (DRAM) that contains 
a total of 4,194,304 memory cells accessible in 4-bit increments. The MB814400 
features a fast page mode of operation whereby high-speed, random access of up to 
1,024-bits of data within the same row can be selected. The MB814400 DRAM is 
ideally suited for mainframes, buffers, hand-held computers, video imaging equip- 
ment, and other memory applications where very low power dissipation and high 
bandwidth are basic requirements of the design. Since the standby current of the 
MB814400 is very low, the device can be used in equipment that uses batteries for 
primary and/or auxiliary power. 

The MB814400 is fabricated using silicon gate CMOS and Fujitsu’s advanced 
Four-layer Polysilicon process. This process, coupled with three-dimensional stacked 
capacitor memory cells, reduces the possibility of soft errors and extends the time 
interval between memory refreshes. Clock timing requirements for the MB81400 are 
not critical and all inputs are TTL compatible. 

Features 


. Parameter 

MB814400-80 

MB81440N0 

MB814400-12 

RAS Access Time 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

25 ns max. 

30 ns max. 

35 ns max. 

Fast Page Mode Cycle Time 

55 ns min. 

60 ns min. 

70 ns min. 

Low Power Dissipation 
• Operating Current 

413 mW max. 

358 mW max. 

303 mW max. 

• Standby Current 

11 mW max. (TTL level)/5.5 mW max. (CMOS level) 


• 1 ,048,576 words x 4 bits 
organization 

• Silicon gate, CMOS, 3D-Stacked 
Capacitor Cell 

• All input and output are TTL 
compatible 

• 1 024 refresh cycles every 1 6.4 ms 

• Early write or UE controlled 
write capability 


• HAS only, CAS-before-RAS, or 
Hidden Refresh 

• Fast page Mode, Read-Modify-WrKe 
capability 

• On-chip substrate bias generator for 
high performance 



ZIP-20P-M02 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 


Absolute Maximum Ratings (See Note) 


Parameter 

■ symboi 

••ft- Value 

Unit 

Voltage at any pin relative to Vss 

V|N. V OUT 

-1 to +7 

V 

Voltage of Vcc supply relative to V S s 

Vcc 

-1 to +7 

V 

Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Tstg 

-55 to +125 

°C 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 

Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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MB81 4400-80 
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MB81 4400-1 2 


Fig. 1 - MB814400 DYNAMIC RAM - BLOCK DIAGRAM 


AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 



DQ1 to 
DQ4 


CAPACITANCE (T a = 25°C, f = 1MHz) 


Parameter 

|:| ' Symbol 

Typ 

Max 

!l!ll®!!!!S!l!ll!|| 

Input Capacitance, AO to A9 

C|N1 

— 

5 

pF 

Input Capacitance, RAS.CAS, WE, OE 

C|N2 

__ 

5 

PF 

Input/Output Capacitance, DQ1 to DQ4 

Cdq 

— 

6 

pF 
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PIN ASSIGNMENTS AND DESCRIPTIONS 


MB81 4400-80 
MB81 4400-10 
MB81 4400-1 2 


20-Pin DIP: 26-Pin SOJ: 

(TOP VIEW) (TOP VIEW) 




illlfillllll 

Function 

DQ1 to DQ4 

Data Input/ Output 

WE 

Write Enable. 

RAS 

Row address strobe. 

A0 to A9 

Address inputs. 

VCC 

+5 volt power supply. 

*OE 

Output enable. 

CAS 

Column address strobe. 

VSS 

Circuit ground. 



OE 003 V ss DQ2 RAS A0 A2 V cc A5 A7 


RECOMMENDED OPERATING CONDITIONS 


^Parameter . . . . Notes 

Symbol 

Min 

Typ 

Max 

Unit 

Ambient 
Operating Temp 

Supply Voltage [T] 

Vcc 

4.5 

5.0 

5.5 

V 

0 °C to +70 °C 


0 

0 

0 

Input High Voltage, all inputs | 1 | 

VIH 

2.4 

- 

6.5 

V 

Input Low Voltage, all inputs | 1 | 

VIL 

-2.0 

- 

0.8 

V 

Input Low Voltage, DQ( *) [T] 

VILD 

-1.0 

- 

0.8 

V 


* : Undershoots of up to -2.0 volts with a pulse width not exceeding 20ns are acceptable. 
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MB81 4400-80 
MB81 4400-10 
MB81 4400-1 2 


FUNCTIONAL OPERATION 


ADDRESS INPUTS 

Twenty input bits are required to decode any four of 4,194,304 cell addresses in the memory matrix. Since only ten address bits are available, the 
column and row inputs are separately strobed by CAS and RAS as shown in Figure 1 . First, ten row address bits are input on pins A0-through-A9 and 
latched with the row address strobe (RA3 ) then, ten column address bits are input and latched with the column address strobe (CAS ). Both row and 
column addresses must be stable on or before the falling edge of" CAS and HAS , respectively. The address latches areof the flow-through type; thus, 
address information appearing after tRAH (min)+ tj is automatically treated as the column address. 

WRITE ENABLE 

The read or write mode is determined by the logic state of WE . When WE is active Low, a write cycle is initiated; when WE is High, a read cycle is 
selected. During the read mode, input data is ignored. 

DATA INPUT 

Input data is written into memory in either of three basic ways — an early write cycle, anOE (delayed) write cycle, and a read-modify-write cycle. The 
falling edge of WE or CAC , whichever is later, serves as the input data-latch strobe. In an early write cycle, the input data (DQ1-DQ4) is strobed by 
CAS and the setup/hold times are referenced to CAS because WE goes Low before CAS . In a delayed write or a read-modify-write cycle, WE goes 
Low after CAS ; thus, input data is strobed by WE and all setup/hold times are referenced to the write-enable signal. 

DATA OUTPUT 

The three-state buffers are TTL compatible with a fanout of two TTL loads. Polarity of the output data is identical to that of the input; the output buffers 
remain in the high-impedance state until the column address strobe goes Low. When a read or read-modify-write cycle is executed, valid outputs are 
obtained under the following conditions: 

tRAC : from the falling edge of HAS when tRCD (max) is satisfied. 

tCAC : from the falling edge of CaS when tRCD is greater than tRco (max). 

tAA : from column address input when tRAD is greater than tRAD (max). 

tOEA : from the falling edge of OE when OE is brought Low after tRAC , tCAC , or tAA . 

The data remains valid until either CAS or OE returns to a High logic level. When an early write is executed, the output buffers remain in a 
high-impedance state during the entire cycle. 

FAST PAGE MODE OF OPERATION 

The fast page mode of operation provides faster memory access and lower power dissipation. The fast page mode is implemented by keeping the 
same row address and strobing in successive column addresses. To satisfy these conditions, "RAS is held Low for all contiguous memory cycles in 
which row addresses are common. For eachfast page of memory, any of 1 ,024-bits can be accessed and, when multiple MB 814400s are used.'CAS 
is decoded to select the desired memory fast page. Fast page mode operations need not be addressed sequentially and combinations of read, write, 
and/or ready-modify-write cycles are permitted. 
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MB81 4400-80 
MB81 4400-10 
MB81 4400-1 2 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) Notes 3 


. Paramter Notes 

Symbol 

. Conditions 

immmmmms 

Unit 

Min • 

iiilvil 11 

•h-VMax: 1||| 

Output high voltage 

< 

0 

X 

l 0H =-5 mA 

mm 

- 

- 

V 

Output low voltage 

V OL 

1 0L = 4.2 mA 

- 

- 

0.4 

Input leakage current (any input) 

'l(L) 

0V<Vin<5.5V; 
4.5V<V CC < 5.5V; 

V S s = 0V; All other pins 
not under test = 0V 

-10 

■ 

10 

pA 

Output leakage current 

' DQ(L) 

0V<Vout< 5.5 V; 

Data out disabled 

-10 

- 

10 

Operating current 
(Average Power 
supply current) 

□ 

MB8 14400-80 

*001 

RAS & CAS cycling; 
tRC = min 

- 

- 

75 

mA 

MB8 14400-10 

65 

MB8 14400-1 2 

55 

Standby current 
(Power supply 
current) 

TTL level 

*CC2 

RAS =*CAS =V |H 

RAS = CAS > V cc -0.2V 

- 

- 

2.0 

mA 

CMOS level 

1.0 

Refresh current #1 
(Average power sup- 
ply current) 1 2 1 

MB8 14400-80 

*CC3 

CAS = Vih, RAS cycling; 

Irc = min 

- 

- 

75 

mA 

MB8 14400-10 

65 

MB81 4400-1 2 

55 

Fast Page Mode 

MB8 14400-80 

*CC4 

RAS = V 1 L, 6aS cycling; 
tpc = min 

- 

- 

75 

mA 

current \~z] 

MB8 14400-10 

65 

MB8 14400-1 2 

55 


MB8 14400-80 

*CC5 

RAS cycling; 
CAS-before-RAS; 
tRC = min 

- 

- 

75 

mA 

MB8 14400-10 

65 

MB8 14400-1 2 

55 
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MB81 4400-80 
MB81 4400-10 
MB81 4400-1 2 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


MB8144O0-80 MB 81 4400-10 


Parameter 


: Notes;: Symbol 


Time Between Refresh 


Random Read/Write Cycle Time 


Read-Modify-Write Cycle Time 


Access Time from RAS fein 


Access Time from CAS ITTl 


Column Address Access Time EO t- 


Output Hold Time 


Output Buffer Turn On Delay Time 


Output Buffer Turn off Delay Time DDl t0FF 


Transition Time 


RAS Precharge Time 


RAS Pulse Width 


RAS Hold Time 


CAS to RAS Precharge Time 


RAS to CAS Delay Time 

luiD 



CAS Hold Time 


CAS Precharge Time (Normal) 


Row Address Set Up Time 


Row Address Hold Time 


Column Address Set Up Time 


Column Address Hold Time 




Column Address to RAS Lead Time 


Read Command Set Up Time 


Read Command Hold Time 
Referenced to RAS 

1 14 1 

Read Command Hold Time 

□a 

Referenced to CAS 

Write Command Set Up Time 

□D 

Write Command Hold Time 



WE Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


DIN set Up Time 


DIN Hold Time 


MB0144QO-12 
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AC CHARACTERISTICS (Continued) 


(At recommended operating conditions unless otherwise noted.) Notes 3, 4, 5 


1 No* 

Parameter 

Notes: 

Symbol 

MB814400-80 

MB81 4400-10 

MB81 4400-1 2 

Unit 

■39 

IflM 

MM 


MM1I 



RAS Precharge time to CAS 

Active Time (Refresh cycles) 

tRPC 

10 

- 

10 

- 

10 

- 

ns 

Qj 

CAS Set Up Time for CAS-before- 
RAS Refresh 

tcSR 

0 

- 

0 

- 

0 

- 

ns 

B 

CAS Hold Time for CAS-before- 
RAS Refresh 

1 CHR 

15 

- 

15 

- 

20 

- 

ns 

IB 

WE Set Up Time from RAS 

l WSR 

0 

- 

0 

— 

0 

- 

ns 

19 

WE Hold Time from RAS 

1 WHR 

15 

— 

15 

— 

20 

— 

m 

m 

Access Time from OE 


l OEA 

- 

22 

- 

25 

- 

30 

m 

41 

Output Buffer Turn Off Delay 
from OE 

Hg 

1 OEZ 

- 

25 

- 

25 

- 

25 

ns 

42 

OE to RAS Lead Time for Valid Data 

toEL 

10 

— 

10 

— 

10 

— 


■a 


HU 


10 

— 

10 

— 

10 

— 

13 

D 



25 

— 

25 

— 

25 

— 

19 

m 

DIN to CAS Delay Time 

|1? 1 

t DZC 

0 

— 

0 

— 

0 

— 

nyi 

ra 

DIN to OE Delay Time 

|1? 1 

1 DZO 

0 

- 

0 

- 

0 

- 

91 

n 

Fast Page Mode Read/Write 

Cycle Time 

* PC 

55 

B 

60 

- 

70 

- 

ns 

B 

Fast Page Mode Read-Modify-Write 

Cycle Time 

1 PRWC 

120 

~ 

125 

- 

140 

- 

ns 

El 

Access Time from CAS Precharge 

Ml 


— 

55 

— 

60 

— 

70 

9« 


Fast Page Mode CAS Precharge Time 

l CP 

15 

- 

15 

- 

15 

- 

ns 


Notes: 

1 . Referenced to VSS. 

2. Icc depends on the output load conditions and cycle rates; The 
specified values are obtained with the output op en. 

Icc d epends on the number of address change as RAS = Vil and 
CAS = Vih, Vil > -o.sv. 

Icci , Ic c3 and Ices are s pecifi ed at three time of address change 
during RAS = Vil and CAS = Vih. 

Icc4 i s spe cified at one time of address change during RAS = Vil 
and CA$ = Vih. 

3. An Initial pause (RAS = CAS = VIH) of 200jis is required after 
power-up followed by any eight RAS -only cycles before proper 
device operation is achieved. In ca se of usi ng in ternal refresh 
counter, a minimum of eight CAS -before- RAS initialization 
cycles instead of 8 "RAS cycles are required. 

4. AC characteristics assume tr = 5ns. 

5. V ih (min) and Vil (max) are reference levels for measuring 
timing of input signals. Also transition times are measured 
between Vih (min) and Vil (max). 

6. Assumes that tRCD< tRCD (max), tRAD< tRAD (max). If tRCD is 
greater than the maximum recommended value shown in this 
table, tRAC will be increased by the amount that tRCD exceeds the 
value shown. Refer to Fig. 2 and 3. 

7. If tRCD ^ tRCD (max), tRAD ^ tRAD (max), and tASC ^ tAA - tcAC - 
t t , access time is tcAC . 


8. If tRAD ^ tRAD (max) and tASC ^ tAA -tcAC -tT, access time is 

tAA - 

9. Measured with a load equivalent to two TTL loads and 100 pF. 

10. toFF and toEZ is specified that output buffer change to high 
impedance state. 

1 1 . Operation within the tRCD (max) limit ensures that tRAC (max) 
can be met. tRCD (max) is specified as a reference point only; if 
tRCD is greater than the specified tRCD (max) limit, access time is 
controlled exclusively by tcAC or t aa . 

12. tRCD (min) = tRAH (min)+2tT + tASC (min). 

13. Operation within the tRAD (max) limit ensures that tRAC (max) 
can be met. tRAD (max) is specified as a reference point only; if 
tRAD is greater than the specified tRAD (max) limit, access time is 
controlled exclusively by tcAC or t aa . 

14. Either tRRH or tRCH must be satisfied for a read cycle. 

15. twes is specified as a reference point only. If twes ^twes (min) 
the data output pin will remain High-Z state through entire cycle. 

16. Assumes that twes < twes (min). 

17. Either tDZC or tozo must be satisfied. 

1 8. tcPA is access time from the selec tion of a new column address 
(that is caused by changing CaS from “L” to "H”). Therefore, if 
tep is long, tcPA is longer tha n tcPA (max). 

19. Assuemes that CAS -before- RAS refresh. 
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Fig. 2 - t RAC vs. t RCD 

Fig. 3 ~tR AC vs. t RAD 

t RAC ( nS ) 160 

yy t RAC ( ns) 160 


140 

/// 140 



1 20ns Version / / / 

120ns Version/yV^ 

120 

— x/ 120 



100ns Version // 

K/ 

100ns Version 

100 

- — y 

— 7\ 


80ns Versions i 

80ns Version j 

80 

- SS3 i i 80 

1 l 

f i i 

i 1 

60 

l 1 

-III 60 

1 ' 
i i 

— 

■"III 

1 


: i i ii i n i i i ii i i i i i 


20 40 60 80 100 120 

20 40 60 80 100 120 


* rcd ( ns ) 

* RAD ( ns ) 


FUNCTIONAL TRUTH TABLE 


Operation Mode 

Clock Input 

Address 

- Input Data 

Refresh 

Note : 



mrm 

warn 


B3BB3B 

Input 

;^Dutput!! : 

Standby 

D 

D 

D 

B 

- 

- 

- 

High-Z 

- 


Read Cycle 

n 

B 

B 

B 

Valid 

Valid 

- 

Valid 

Yes * 

tRes^tRes (min) 

Write Cycle 
(Early Write) 

L 

L 

L 

X 

Valid 

Valid 

Valid 

High-Z 

Yes * 

twcs>twcs (min) 

Read-Modify- 
Write Cycle 

■ 

■ 

H— »L 

L— >H 

Valid 

Valid 

Valid 

Valid 

Yes * 


TOS-only 

Refresh Cycle 

L 

H 

H 

D 

Valid 

- 

- 

High-Z 

Yes 


CAS-before- 
RAS Refresh 

Cycle 

L 

L 

H 

D 

- 

■ 

■ 

High-Z 

Yes 

tcsR>twcsR (min) 

Hidden Refresh 

Cycle 

H— >L 

L 

H 

L 

- 

- 

- 

Valid 

Yes 

Previous data 
is kept. 


X; “H" or "L” 

*; It is impossible in Fast Page Mode 
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Fig. 4 - READ CYCLE 


RAS 


CAS 


WE 


DQ 

(Output) 


(Input) 


OE 



DESCRIPTION 


mu 


To implement a read operation, a valid address is latched In by the RAS and CAS address strobes and, with WE set to a High level and 
OE s et to a Low level, the output Is valid once the memory access time has elapsed. The access time is determined by RAS ( t rac ) • 

CAS ( ( CAC ). OE , ( t OEA ) or column addresses ( t AA ) under the following conditions: 

• t rcd > t RCD ("«*)< acce “ tim « - * CAC. 

• H J_RAD > « RAD ("»*). *<*•*» lim « - * AA. 

• If OE is brought Low after t rac. t CAC • or * AA (which ever occurs later), access time - t oEA. 
However, If either CAS or OE goes High, the output returns to a high-impedance state after t qh te satisfied. 
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Fig. 7 — READ-MODIFY-WRITE-CYCLE 



DESCRIPTION 

The read-modify-write cycle Is executed by changing WE from High to Low after the data appears on the DQ pins. In the read-modify-write 
cycle, OE must be changed from Low to High after the memory access time. 


■ 


"H“ or“L* 
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DESCRIPTION 


The fast page mode writ® cycle is executed in the same manner as the fast page mode read cycle except the states of WE and OE are (evened. 
Data appearing on the DQ pins is latched on the falling edge of CAS and written into memory. During the fast page mode write cycle, including 
the delayed ( OE ) write and read-modify-wrlte cycles, t CWL must be satisfied. 
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Fig. 10 — FAST PAGE MODE OE WRITE CYCLE 



DESCRIPTION 



"H" or "L" 

Invalid Data 


The fast page mode OE (delayed) write cycle is executed in the same manner as the fast page mode write cycle except for the states of 

WE and OE. Input data on the DQ pins are latched on the falling edge of WE and written into memory. In the fast page mode delayed write cycle, 

OE must be changed from Low to High before WE goes Low ( t qed + ' T + 1 DS)- 
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Fig. 11 - FAST PAGE MODE READ-MOD I FY-WRITE CYCLE 



DESCRIPTION _ 

During fast page mode of operation, the read-modify-wrile cycle can be executed by switching WE from High to Low after input date appears at 
the DQ pins during a normal cycle. 



"H" or“L* 

Valid Data 
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Fig. 13 — CAS-BEFORE-RAS REFRESH (ADDRESSES = OE = “H ” or “L”) 


7Z& > * 


DQ V OH — 
(Output) V 0L — 



DESCRIPTION 

CAS-before-RAS refresh is an on-c hip re fresh capability that eliminates the need for external refresh addresses. If CAS is held Low for the 
specified setup time ( t csR ) before RAS goes Low, the on-chip refresh control clock generators and refresh address counter are enabled. An 
internal refresh operation automatically occurs and the refresh address counter is internally incremented in preparation for the next 
CAS -before-RAS refresh operation . 

WE must be held High for the specified set up time (tWSR) before RAS goes Low in order not to enter "test mode" to be specified later. 
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PACKAGE DIMENSIONS 


(Suffix : -P) 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-20P-M03) 




©1988 FUJITSU LIMITED D2QQ11S-1C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (Continued) 

(Suffix : -PJN) 


26-LEAD PLASTIC LEADED CHIP CARRIER 



01989 FUJITSU LIMITED C26054S-1C inches (millimeters) 


2-350 




MB81 4400-80 
MB81 4400-10 
MB81 4400-1 2 


PACKAGE DIMENSIONS (Continued) 


(Suffix : -PJ) 


26-LEAD PLASTIC LEADED CHIP CARRIER 

(Case No. : LCC-26P-M03) 



&This dimension includes resin protrusion. (Each side:. 006(0. 15) MAX.) 

©1988 FUJITSU LIMITED C26D53S-1C 




Dimensions in 
inches (millimeters). 
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PACKAGE DIMENSIONS (Continued) 


(Suffix : -PSZ) 


20-LEAD PLASTIC ZIG-ZAG IN-LINE PACKAGE 

(Case No. : ZIP-20P-M02) 


- 10 i9-:o?2< 2588 -o:3o ) - 



.050(1.27) 

TYP 


.020 ±004 
(0.50 ±0.10) 


,335±.010 

(8.50±0.25) 


010±.002 
(0.25 ±0.05) 


. 1 1 2 ± .008 
(2.85±0.20) 


387±.013 

(9.83±0.33) 


.118(3.00) MIN 


.100(2.54) TYP 
(ROW SPACE) 



©1989 FUJITSU LIMITED Z20002S-4C 


Dimensions in 
inches (millimeters) 


2-352 







November 1990 
Edition 1.0 


DATA SHEET 


FUJITSU 


MB 814400 - 80 U-iou-i 2 L 

CMOS IMx 4 BITS FAST PAGE MODE DYNAMIC RAM 


CMOS 1M x 4 Bits Fast Page Mode Low Power Dynamic RAM 

The Fujitsu MB81 41 00 is af ully decoded CMOS dynamic RAM (DRAM) that contains a 
total of 4,194,304 memory cells in a x 1 configuration. The MB81 41 00 features a fast 
page mode of operation whereby high-speed, random access of up to 2,048-bits of 
data within the same row can be selected. The MB81 41 00 DRAM is ideally suited for 
mainframes, buffers, hand-held computers, and other memory applications where 
very low power dissipation and compact layout are basic requirements of the design. 
Since the standby current of the MB814100 is very low, the device can be used in 
equipment that uses batteries for primary and/or auxiliary power. 

The MB814400 is fabricated using silicon gate CMOS and Fujitsu’s advanced 
Four-layer Polysilicon process. This process, coupled with three-dimensional stacked 
capacitor memory cells, reduces the possibility of soft errors and extends the time 
interval between memory refreshes. Clock timing requirements for the MB81 41 00 are 
not critical and all inputs are TTL compatible. 


Features 


»I Parameter .. . 

MB814100-80L 

MB814100-10L 

MB814100-12L 

RAs Access Time 

80 ns max. 

100 ns max. 

120 ns max. 

Random Cycle Time 

155 ns min. 

180 ns min. 

210 ns min. 

Address Access Time 

45 ns max. 

50 ns max. 

60 ns max. 

CAS Access Time 

20 ns max. 

25 ns max. 

30 ns max. 

Fast Page Mode Cycle Time 

55 ns min. 

60 ns min. 

70 ns min. 

Low Power Dissipation 
• Operating Current 

413 mW max. 

358 mW max. 

303 mW max. 

• Standby Current 

11 mW max. (TTL level)/1 .1 mW max. (CMOS level) 


4,194,304 words x 1 bit 
organization 

Silicon gate, CMOS, 3D-Stacked 

Capacitor Cell 

All input and output are TTL 

compatible 

1024 refresh cycles every 128 ms 
Common I/O capability by using 
early write 


• RAS only, CAS-before-RAS, or 
Hidden Refresh 

• Fast page Mode, Read-Modify-Write 
capability 

• On-chip substrate bias generator for 
high performance 


Absolute Maximum Ratings (See Note) 


Parameter 

Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V|N,V 0 UT 

-1 to +7 

HDHI 

Voltage of Vcc supply relative to Vss 

Vcc 

-1 to +7 


Power Dissipation 

PD 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 

Storage Temperature 

Tstg 

-55 to +125 

°C 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 



DIP— 20P-M03 


LCC-26P-M04 



ZIP-20P-M02 


T.B.D. T.B.D. 

FPT-26P-M01 FPT-26P-M02 

This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 


Copyright © 1990 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 






















































CMOS DRAMs 


Dynamic RAM Data Book 


Section 3 


Application Specific DRAMs — Ata Glance 


Page 

Device 

Maximum 
Access 
Time (ns) 

Capacity 

Package 

Options 
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MB81461-12 

-15 

120 

150 

DRAM: 262144 bits 
(64K x 4) 

SAM: 1024 bits 
(256 x 4) 

24-pin Plastic 

DIP, ZIP 

3-35 

MB81461B-12 

-15 

120 

150 

DRAM: 262144 bits 
(64K x 4) 

SAM: 1024 bits 
(256 x 4) 

24-pin Plastic 

DIP, ZIP 

3-67 

MB81C1501 

25 

Write: 11 75040 bits 
(293760 x 4 x 1) 

Read: 11 75040 bits 
(293760 x 4 x 2) 

38-pin Plastic 

FPT 





January 1990 
Edition 3.1 


DATA SHEET 


FUJITSU 


MB81461-12/-15 


262, 144-BIT DUAL PORT DYNAMIC RANDOM ACCESS MEMORY 


262,144 Bit Dual Port DRAM 

The Fujitsu MB81461 is a fully decoded, dynamic NMOS random access 
memory organized as 65,536 words by 4 bits dynamic RAM port and 256 words by 4 
bits serial access memory (SAM) port. 

The DRAM port is identical to the Fujitsu MB81464 with four bits of parallel 
random access I/O while the SAM port is designed as four 256-bit registers, each 
operating as a serial I/O. The four serial registers operate in parallel with each other 
during SAM port operation. Internal interconnects give the device the capability to 
transfer data bi-directionally between the DRAM memory array and the SAM data 
registers. 

The MB81461 offers complementary asynchronous access of both the DRAM 
and SAM ports, except when data is transferred between them internally. The design is 
optimized for high speed and performance making the MB81461 the most efficient 
solution for implementing the frame buffer of a bit-mapped video display system. 
Multiplexed row and column address inputs permit the MB81461 to be housed in a 
400-mil wide 24-pin DIP or ZIP package. Pinouts conform to the JEDEC-approved 
pinouts. 

The MB81461 is fabricated using silicon gate NMOS and Fujitsu’s advanced 
Triple-layer Polysilicon process technology. This process, coupled with single 
transistor memory storage cells, permits maximum circuit density and minimum chip 
size. All inputs and outputs are TTL compatible. 


• Dual Port Organization 

64 K x 4 Dynamic RAM port (DRAM) 
256 x 4 Serial Access Memory port 
(SAM) 

• 24-pin DIP and ZIP packages 

• Silicon-gate, Triple Poly NMOS, single 
transistor cell 


DRAM Port 
Access Time (tni c) 

120 ns max. (MB 81461-12) 

150 ns max. (MB 81461-15) 
Cycle Time (tsAc) 

230 ns max. (MB 81461-12) 

260 ns max. (MB 81461-15) 
SAM Port 
Access Time (tsAc) 

40 ns max. (MB 81461-12) 

60 ns max. (MB 81461-15) 
Cycle Time (tsc) 

40 ns max. (MB 81461-12) 

60 ns max. (MB 81461-15) 
Single +5 V Supply, ±10% tolerance 
Real Time, Read Transfer capability 
Page Mode capability 


• Power Dissipation 

DRAM; Act/SAM; Stby 
523 mW max. (MB 81461-12) 

468 mW max. (MB 81461-15) 
DRAM; Stby/SAM; Act 
275 mW max. (MB 81461-12) 

220 mW max. MB 81461-15) 
DRAM; Stby/SAM; Stby 
110 mW max. 

• Bi-directional data transfer between 
DRAM and SAM 

• Fast serial access asynchronous to 
DRAM except transfer operation 

• Bit Masked Write Mode capabiltiy 

• 256 refresh cycles every 4 ms 

• RAS-only, CAS-before-RAS, Hidden 
Refresh capability 

• Delayed write and Read-Modify-Write 
capability 

• Standard 24-Pin Plastic Packages: 

DIP (MB81461-XXP) 

ZIP MB81461-XXPSZ) 


Absolute Maximum Ratings (See Note) 


: Parameter 

.Symbol 

Value 

Unit 

Voltage at any pin relative to Vss 

V,N.V 0 UT 

-1 to +7 

V 

Voltage of Vcc supply relative to Vss 

Vcc 

-1 to +7 

V 

Storage Temperature 

Tstg 

-55 to +125 

°C 

Power Dissipation 

Pd 

1.0 

w 

Short Circuit Output Current 

— 

50 

mA 


Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 
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PLASTIC PACKAGE 
DIP-24P-M04 



PLASTIC PACKAGE 
ZIP-24P-M02 


PIN ASSIGNMENT 



MD,/ MD 0 / ME/ 

dq 2 5e sd 3 sas SD, DQo we Ag a 4 a 7 a 2 Ao 

/lu urn i w~\ 

\ mmramEoiiTzirMineiiiaiEolEa m7 

MD 3 /SD 2 V ss SDo TR/MD,/RAS A 5 v cc a 3 A, CAS 

dq 3 oe dq, 


BOTTOM VIEW 


This device contains circuitry to protect the Inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit 
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Fig. 1 - BLOCK DIAGRAM OF MB 81461 and PIN DESCRIPTION 

Block Diagram 



Pin Description 


Pin Number 

Symbol 

Parameter 

Mode 

DIP 

ZIP 

1 

7 

SAS 

Serial Access Memory Strobe 

Input 

2,3,22,23 

8, 9, 4,5 

SDO to SD3 

Serial Data I/O 

I/O 

4 

10 

TR/OE 

Transfer Enable/ 

Output Enable 

Input 




Mask Data/Data I/O 

I/O 

' 7 

13 

ME /WE 

Mask Mode Enable/Write Enable 

Input 

8 

14 

RAS 

Row Address Strobe 

Input 



A 0 to A 7 

Address Input 

Input 

12 

18 

V CC 

Supply Voltage +5 V 

Power Supply 

18 

24 

CAS 

Column Address Strobe 

Input 

21 

3 

SE 

Serial port Enable 

Input 

24 

6 

v ss 

Ground 

Power Supply 
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DESCRIPTION 

DRAM OPERATION 
RAS; 

This pin is used to strobe eight row-ad- 
dress inputs from AO to A7 pins and is 
used to select the operation mode of 
subsequent cycle, such as DRAM ope- 
ration or transfer operation (by TR/OE 
and bit mask write cycle or not (by 
ME/WE and MDO/DQO to MD3/DQ3). 
Since RAS = "L" is the active condition 
of circuit, to maintain RAS = "H" 
(standby condition) is effective to save 
power dissipation. 

CAS; 

This pin is used to strobe eight column 
address inputs at the falling edge. CAS 
pin has the function to enable and dis- 
able the output at "L" and "H" respec- 
tively during the read operation. 

Another function of CAS is to select 
"early write" mode conditioned by 
ME/WE = "L". 

ME/WE; 

This pin is used to select read or write 
cycle. ME /WE = "L" select write mode 
and ME/WE = "H" select read mode. 
This pin is also used to enable bit mask 
write cycle. If ME/WE = "L" at the fall- 
ing edge of RAS, bit mask write is en- 
abled. 

TR/5E; 

This pin is used to select Transfer oper- 
ation or not at the falling edge of RAS, 
TR/QE = "H" enables DRAM operation 
and TR/OE = "L" enables Transfer 
operation between DRAM and SAM. 
After the falling of RAS with t YH , this 
pin is used for output enable. 

The TR/OE controls the impedance of 
the output buffers. TR/OE = "H" forces 
the output buffers at high impedance 
state. TR/OE = "L" leads the output 
buffers at low impedance state. But in 
early write cycle, the output buffers are 
high impedance state even if TR/OE is 
low. 

AO to A7; 

These are multiplexed address input 


pins and used to select 4 bits of 262,144 
memory cell locations in parallel within 
the MB 81461. The eight row address in- 
puts are strobed by RAS and followed 
eight column address inputs are strobed 
by CAS. These are used to select the 
start address of serial access memory 
also. 

MDO/DQO to MD3/DQ3 

These are common I/O pins of DRAM 
port. I/O mode is as specified for each 
function mode in the truth table. 

Data Outputs: 

The output buffers have three-state 
capability "H", "L" and "High-Z". To 
get valid output data on the pins, one of 
the read operations is selected such as 
"read" or "read-modify-write" mode. 
During a refresh cycle, either RA$-only 
or CAS-before-RAS mode is selected, 
output buffers are set in "High-Z" state. 

Data inputs: 

These are used as data input pins when a 
data write mode such as "Early-Write", 
"Delayed Write" or "Read-modify- 
Write" is selected. In any of the above 
cases, these pins are set at "High-Z" 
state to enable data-in without any bus 
conflict. 

In any operation mode, read, write, re- 
fresh, transfer and their combined func- 
tions, output states "H", "L", "High-Z" 
are set by control signals RAS, CAS, 
ME/WE and/or TR/OE. When "Bit mask 
write" mode is set, these pins are used 
as a control signal for write inhibit with 
MDi/DQi = "L" on the selected bit i. 

Page Mode; 

The page mode operation is to strobe 
the column address by CAS while RAS 
is maintained at "L" through all the suc- 
cessive memory operations if the row 
address doesn't change. This mode can 
save power dissipation and get the faster 
access time due to the elimination of 
RAS falling edge function. 


Refresh; 

Refresh of the DRAM cells is performed 
for every 256 rows per every 4 milli- 
seconds. 

The MB 81461 offers the following 
three types of refresh. 

1) RAS-Only refresh; The RAS-Only re- 
fresh is performed with CAS^'H" 
condition. Strobing every 256 row 
addresses with RAS will complete all 
bits of memory cell to be refreshed 
while all outputs are invalid due to 
"High-Z" state. Further RAS-only re- 
fresh saves the power dissipation sub- 
stantially. 

2) CAS-before-RAS refresh; The CAS- 
before-RAS refresh offers an alter- 
nate refresh method. If CAS is set 
low for the specified period (t FCS ) 
before the falling edge of RAS, re- 
fresh control clock generator and re- 
fresh address counter are enabled, 
and an refresh operation is per- 
formed. After the refresh operation 
is performed, the refresh address 
counter is incremented automatically 
for the next CAS-before-RAS refresh. 

3) Hidden refresh; The hidden refresh is 
performed by maintaining the valid 
data of last read cycle at MD/DQ 
pins while extending CAS low. The 
hidden refresh is equivalent to CAS- 
before-RAS refresh because CAS 
stays low when RAS goes to low in 
the next cycle. 

Bit Mask Write; 

This mode is used when some of the bits 
should be inhibited to be written into 
cells. The bit mask write mode is exe- 
cuted by setting ME/WE = "L” at the 
falling edge of RAS during write mode 
(early, delayed write or read-modify- 
write cycle). The bits to be masked (or 
inhibited to write) is determined by 
MD/DQ state at the falling edge of RAS, 
for example, if MDO/DQO and ME/WE 
are both low at the falling edge of RAS, 
the data on MDO/DQO pin is not written 
into the cell during the cycle. Refer to 
the Fig. 2. 
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EXAMPLE OF BIT MASK WRITE OPERATION 


Falling edge of RAS 

Function 

TR/OE 

ME/WE 

MDO/DQO 

MD1/DQ1 

MD2/DQ2 

MD3/DQ3 


H 

X 

X 

X 

X 

Write enable 

H 

L 

H 

L 

H 

L 

Write enable for DQO and DQ2 
Write disable for DQl and DQ3 


FUNCTIONAL TRUTH TABLE FOR DRAM OPERATION 


RAS 

CAS 

ME/WE 

TR/OE 

ADDRESSES 

MDO/DQO to 
MD3/DQ3 

Function 

H 

H 

X 

X 

X 

X 

Standby 

L 

L 

H 

H^L 

Valid 

Valid Data Out 

Read 

L 

L 

L* 

f-KX 

Valid 

Valid Data In 

Early Write 

L 

L 

H-*L 

X 

t 

X 

t 

X 

Valid 

Valid Data In 

Delayed Write 

L 

L 

H->L 

H-+L-+H 

Valid 

Valid Data Out 
-> Valid Data In 

Read-Modify -Write 

L 

H 

X 

H->X 

Row address 

High-Z 

RAS-Only Refresh 

H->L 

L 

X 

H-*X 

X 

High-Z 

CAS-before-RAS Refresh 


: If ME/WE = "L" at the falling edge of RAS, bit mask write mode is enabled. 


TRANSFER OPERATION: 

The transfer operation is featured in the 
MB 81461 B. This mode is used to trans- 
fer simultaneously 256x4 data from 
DRAM to SAM or from SAM to DRAM. 
The direction of transfer is determined 
by the state of ME/WE at the falling 
edge of RAS ME/WE=“H" defines the 
transfer from DRAM to SA M (Read 
Transfer Cycle) and ME/WE="L" de- 
fines the transfer from SAM to DRAM 
(Write Transfer Cycle). 

I/O mode of SDO to SD3 determined 
while the transfer operation is set (TR/ 
OE="L") conjunctioned with ME/WE 
state. 

After Read Transfer Cycle, please apply 
two or more SAS Clock. 

TR/OE; 

This pin is used to enable t ransf er oper - 
ation at the falling edge of RAS. 

ME/WE; 

This pin is used to select the direction 
of transfer at the falling edge of RAS. 

AO to A7; 

These pins are used to seiect the row 
address of DRAM port to be transfered 
from or to, and the start address of 
SAM port for the serial read or write 
operation. The row address is strobed 
by RAS and the start address is strobed 
by CAS. 


Pseudo Write Transfer: 

To start serial write cycle, the SD pins 
must be set in input mode. To do this, 
write transfer cycle should be executed. 
The pseudo write transfer cycle is to 
change the SD pins into input mode 
without data transfer from SAM to 
DRAM. Refer to Fig. 3. 

Refresh during transfer cycle; 

DRAM and SAM are refreshed during 
transfer cycle as shown below. 

1 ) Read transfer cycle: 

During read transfer cycle, the 
selected row address of DRAM to be 
transfered to SAM is refreshed. SAM 
data are kept by applying 256 SAS 
clocks within 4 ms after the read 
transfer cycle. 

2) Write transfer cycle: 

During write transfer cycle, the new 
data are written from SAM to DRAM 
and this row address should be re- 
freshed within 4 ms. 

But SAM data are not refreshed 
during write transfer cycle. There- 
fore, the SAM refresh (applying 256 
SAS clocks within 4 ms) must be 
executed. Especially, when the write 
transfer cycle is executed conti- 
nuously, 256 SAS clock should be 
applied within 4 ms. 


SERIAL ACCESS OPERATION: 

The MB 81461 has 256 words by 4 bits 
Serial Acess Memory (SAM) correspond- 
ing to 64K words by 4 bits DRAM and 
the fast serial read/write access is 
achieved by SAM architecture. Read or 
write cycle is determined when the last 
read or write transfer operation is exe- 
cuted. If the last transfer operation was 
read transfer, the serial read cycle is 
performed until the next write or 
pseudo write transfer cycle is executed. 
On the other hand, if the last transfer 
operation was write or pseudo write 
or pseudo write transfer, the serial write 
cycle is performed. In the serial write 
operation, 256 words by 4 bits data 
stored in the SAM can be transfered to 
DRAM under SE="L" condition, and 
SE="H" condition disables data transfer 
from SAM to DRAM. The serial access 
operation can be done asynchronously 
from DRAM port. 

SAS; 

This pin is used as a shift clock for SAM 
port. The serial access is triggered by the 
rising edge of SAS. In the write cycle, 
the data of the SD pins are strqbed by 
the rising edge of SAS and written into 
the selected cell. In the read cycle, out- 
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put data become valid after t SAC from 
the rising edge of SAS and the data re- 
main valid until the next cycle is de- 
fined. The SAS clock increments the 
SAM address automatically. When the 
SAM address exceeds #255 (Most Sig- 
nificant Address) it returnes to #0 
(Least Significant Address). 

5E; 

This pin is used to enable serial access 
operation by bit to bit. 5E = "H" dis- 
ables serial access operation. In the 
serial read operation, this pin is used for 
output enable, i.e., SE = "H" leads SD 
pins to "High-Z" state. SE = "L" leads 
SD pins to valid data with specified ac- 
cess time. In the serial write operation, 
this pin works as write enable control 
pin. 


SDO to SD3; 

These are used as data input/output pins 
for SAM port. Input or output mode is 
determined by last occured transfer 
operation, if last transfer operation was 
read transfer mode, they are output 
mode. If the write transfer mode was 
set, SD pins are enabled to write data 
into SAM. 

Refresh; 

Since the SAM is constructed by dy- 
namic circuitry, the refresh is necessary 
to maintain the data in it. The refresh 
of SAM must be done by 256 cycles 
of SAS clock/4ms in either output or 
input mode. SE = "H" allows refresh 
of SAM with SD pins at "High-Z" state. 
Real Time Read Transfer; 

This feature is applicable to obtain valid 


data continuously when row address is 
changed without any timing loss from 
the last bit of previous row to the first 
bit of new row. Data transfer from 
DRAM to SAM is triggered by rising 
edge of TR/OE after the preparation of 
internal circuit for this operation, while 
SAM port can continue read operation 
asynchronously from the above men- 
tioned internal move. Once TR/OE re- 
turns to "H" with the restricted timing 
specification t TSL and t TSD refered to 
SAS clock, SD pins can get the valid 
output data continuously as shown in 
Fig. 4. The key issue to achieve this 
feature is to apply SAS clock contin- 
uously with the timing consideration to 
the rising edge of TR/OE. 


FUNCTIONAL TRUTH TABLE FOR SERIAL ACCESS (Asynchronous from DRAM port) 


Falling edge of RAS 

SAS 

SE 

SDO to SD3 

Function 

TR/OE 

ME/WE 

H 

X 

Clock 

L 

Input/Output* 

Sequential access enable 

Clock 

H 

Input/Output* 

Sequential access disable 


*: The read or write operation of SAM port is pre-determined by the last occurred transfer cycle. Input mode is for write 
operation. Output mode is for read operation. 


X; Don't Care 


Fig. 2 - EXAMPLE OF BIT MASK WRITE OPERATION 


RAS 




Set mask write mode 


CAS 

m/m 

Tff/OC 

MDO/DQO 

MD1/DQ1 

MD2/DQ2 

MD3/DQ3 
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RECOMMENDED OPERATING CONDITIONS 

(Referenced to V$s) 


Parameter 



Typ. 

Max. 

Unit 

Operating Temperature 


V C c 

4.5 


5.5 

V 

0°C to +70°C 

Vss 

0 

0 

0 

V 


V,H 

2.4 


6.5 

V 


V,L 

-2.0 


0.8 

V 


CAPACITANCE (t a 2 5 c, 


3 


Paramter 

Symbol 

Typ 

Max 

Unit 

DIP 

ZIP 

Input Capacitance (AO to A7) 

C,N1 


7 

8 

pF 

Input Capacitance (RAS, CAS, ME/WE, SE, TR/OE) 

C|N2 


10 

12 

pF 

Input Capacitance (SAS) 

C|N3 


7 

7 

pF 

Input/Output Capacitance (MD0/DQ0 to MD3/DQ3) 

Cioi 


7 

8 

pF 

Input/Output Capacitance (SDO to SD3) 

C| 0 2 


7 

8 

pF 


AC TEST CONDITIONS 
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DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Max 

Unit 

SAM STANDBY SE = V, H , SAS = V IU 

OPERATING CURRENT* 

Average power supply current 
(RAS, CAS cycling; t RC = min) 

MB 81461-12 

•cci 


95 

m A 

MB 81461-15 

85 

STANDBY CURRENT 

Power supply current (RAS = CAS = V| H ) 

•CC2 


20 

mA 

REFRESH CURRENT 1* 

Average power supply current 
(CAS = V, H , RAS cycling; t RC = min) 

MB 81461-12 

■CC3 


77 

mA 

MB 81461-15 

70 

PAGE MODE CURRENT* 

Average power supply current 
(RAS = V| L , CAS = cycling, t PC = min) 

MB 81461-12 

•CC4 


50 

mA 

MB 81461-15 

45 

. REFRESH CURRENT 2* 

Average power supply current 
(CAS-before-RAS; t RC = min) 

MB 81461-12 

•CC5 


77 

mA 

MB 81461-15 

70 

TRANSFER MODE CURRENT 

Average power supply current 
(RAS, CAS cycling; t RC = min) 

MB 81461-12 

(CC6 


110 

mA 

MB 81461-15 

100 

SAM ACTIVE SE = V IL ,t sc = min 

OPERATING CURRENT* 

Average power supply current 
(RAS, CAS cycling; t RC = min) 

MB 81461-12 

•CC7 


130 

mA 

MB 81461-15 

110 

STANDBY CURRENT 

Power supply current 
(RAS = CAS = V, H ) 

MB 81461-12 

•cC8 


50 

mA 

MB 81461-15 

40 

REFRESH CURRENT 1* 

Average power supply current 
(CAS = V ||_| , RAS cycling; t RC = min) 

MB 81461-12 

lcC9 


112 

mA 

MB 81461-15 

95 

PAGE MODE CURRENT* 

Average power supply current 
(RAS = V| L# CAS cycling, t PC = min) 

MB 81461-12 

*CC10 


85 

mA 

MB 81461-15 

70 

REFRESH CURRENT 2* 

Average power supply current 
(CAS-before-RAS; t RC = min) 

MB 81461-12 

•ecu 


112 

mA 

MB 81461-15 

95 

TRANSFER MODE CURRENT 

Average power supply current 
(RAS, CAS cycling; t RC = min) 

MB 81461-12 

*CC12 


145 

mA 

MB 81461-15 

125 
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DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Max 

Unit 

INPUT LEAKAGE CURRENT 

Input leakage current, any input (OV < V, N < 5.5V, 

V cc =5.5V, V ss =OV, all other pins not under 
test=OV) 

*1 (L) 

-10 

10 

/xA 

OUTPUT LEAKAGE CURRENT 
(Data out is disabled, OV < V OU t ^ 5.5V) 

•o(L) 

-10 

10 

/xA 

OUTPUT LEVELS 

Output high voltage 0 O h =-5mA/-2mA for DQi/SDi ) 

Vqh 

2.4 


V 

Output low voltage 0oL = 42mA) 

Vql 


0.4 



Note: l cc is dependent on output loading and cycle rates. Specified values are obtained with the output open. 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter IWillH 

Symbol 

MB 81461-12 

BM 81461-15 

Unit 

Min 

Max 

Min 

Max 

Time between Refresh (RAM/SAM) 

Iref 


4 


4 

ms 

Random Read/Write Cycle Time 

Irc 

230 


260 


ns 

Read-Modify-Write Cycle Time 

Irwc 

305 


345 


ns 

Page Mode Cycle Time 

tpc 

120 


145 


ns 

Page Mode Read-Modify-Write 

Cycle Time 

tpRWC 

195 


225 


ns 

Access Time from RAS Q 13 

Irac 


120 


150 

ns 

Access Time from CAS Q | 

IcAC 


60 


75 

ns 

Output Buffer Turn Off Delay 

lOFF 

0 

25 

0 

35 

ns 

Transition Time 

t T 

3 

50 

3 

50 

ns 

RAS Precharge Time 

Irp 

90 


100 


ns 

RAS Pulse Width 

Iras 

120 

60000 

150 

60000 

ns 

RAS Hold Time 

*rsh 

60 


75 


ns 
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AC CHARACTERISTICS 

Parameter 

Qw m hn 1 

MB 81461-12 

MB 81461-15 


oy 1 1 1 uu i 

Min 

Max 

Min 

Ma 

CAS Precharge Time 
(Normal cycle) 

*CPN 

40 


50 


CAS Precharge Time 
(Page mode ohly) 

*cp 

50 


60 


CAS Precharge Time 
(CAS-before-RAS ) 

*CPR 

25 


30 


CAS Pulse Width 

AS 

60 

60000 

75 

6001 

CAS Hold Time 

trcu 

120 


150 




RAS to CAS Delay Time 


CAS to RAS Set Up Time 


Row Address Set Up Time 


Row Address Hold Time 
Column Address Set Up Time 


Column Address Hold Time 


Read Command Set Up Time 


Read Command Hold Time 
Referenced to RAS 


Read Command Hold Time 
Referenced to CAS 


Write Command Set Up Time 


Write Command Hold Time 


Write Command Pulse Width 


Write Command to RAS Lead Time 


Write Command to CAS Lead Time 


Data In Set Up Time 
Data In Hold Time 
Access Time from TR/OE 


TR/OE to Data In Delay Time 






















AC CHARACTERISTICS 


Parameter IflMHaak 

Symbol 

Output Buffer Turn Off Delay 

from TR/OE 

X OEZ 

TR/OE Hold Time Referenced to ME/WE 

toEH 

TR/OE to RAS inactive Set Up Time 

tOES 

Data In to CAS Delay Time QjH 

t DZC 

Data In to TR/OE Delay Time DS 

tozo 

Refresh Set Up Time Referenced to 

RAS (CAS-before-RAS) 

fFCS 

Refresh Hold Time Referenced to 

RAS (CAS-before-RAS) 

f FCH 

RAS Precharge to CAS Active 

Time 

f RPC 

Serial Clock Cycle Time 

tsc 

Access Time from SAS Qs3 

fSAC 

Access Time from SE EQ 

*SEA 

SAS Precharge Time 

fsp 

SAS Pulse Width 

fsAS 

SE Precharge Time 

*SEP 

SE Pulse Width 

tsE 

Serial Data Out Hold Time 

after SAS High 

f SO H 

Serial Output Buffer Turn Off 

Delay from SE 

tsEZ 

Serial Data In Set Up Time ID 

tsDS 

Serial Data In Hold Time DQ 

tSDH 


Serial Data In Hold Time 


tSDH 


MB81461-12 

MB81461-15 



MB 81461-12 

MB 81461-15 

Unit 

Min 

Max 

Min 

Max 


0 

25 

0 




0 


0 


ns 


0 


0 


ns 


0 


0 


ns 


0 


0 


ns 


25 


30 


ns 


25 


30 




20 


20 




40 

50000 

60 

50000 

ns 



40 


60 

ns 



40 


50 

ns 


10 


20 


ns 

J 

10 


20 


ns 


25 


45 


ns 


25 


45 


ns 

_ 

10 


10 

Bl 



0 

25 

0 




0 


0 


ns 









20 


25 
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AC CHARACTERISTICS 


Parameter imwJJ 

Symbol 

MB 81461-12 

MB 81461-15 

Unit 

Min 

Max 

Min 

Max 

Transfer Command (TR) to RAS 

Set Up Time 

X TS 

0 


0 


ns 

Transfer Command (TR) to RAS 

Hold Time 

t RTH 

90 


110 


ns 

Write Transfer Command (TR) to — - 

RAS Hold Time ^ 

tRTHW 

12 


15 


ns 

Transfer Command (TR) to CAS 

Hold Time 

*CTH 

30 


35 


ns 

Transfer Command (TR) to SAS 

Lead Time 

tTSL 

5 


10 


ns 

Transfer Command (TR) to RAS 

Lead Time 

f TRL 

130 


140 


ns 

Transfer Command (TR) to RAS 

Delay Time 

t TRD 

-65 


-50 


ns 

First SAS Edge to Transfer Command 

Delay Time 

tTSD 

25 


35 


ns 

ME/WE to RAS Set Up Time 

t WSR 

0 


0 


ns 

ME/WE to RAS Hold Time 

f R WH 

12 


15 


ns 

Mask Data (MD) to RAS Set Up Time 

X MS 

0 


0 


ns 

Mask Data (MD) to RAS Hold Time 

l MH 

35 


45 


ns 

Serial Output Buffer Turn Off 

Delay from RAS 10 

X SDZ 

10 

60 

10 

75 

ns 

Serial Output Buffer Turn On _ 

Delay from RAS *** 

tSRO 

0 


0 


ns 

SAS to RAS Set Up Time Ql 

tSRS 

40 


60 


ns 

RAS to SAS Delay Time |Q 

tSRD 

30 


45 


ns 

Serial Data Input to SE Delay Time 

fsZE 

0 


0 


ns 

Serial Data Input Delay from RAS [Q 

t SOD 

60 


75 


ns 
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AC CHARACTERISTICS 


Parameter 

Symbol 

MB 81461-12 

MB 81461-15 

Unit 

Min 

Max 

Min 

Max 

Serial Data Input to RAS Delay Time |Q 

r szs 

0 


0 


ns 

Pseudo Transfer Command (SE) to __ 

RAS Set up Time “ 

tesR 

0 


0 


ns 

Pseudo Transfer Command (SE) to _ 

RAS Hold Time 10 

t REH 

12 


15 


ns 

Serial Write Enable Set up Time Q| 

tsws 

20 


30 


ns 

Serial Write Enable Hold Time Q| 

tsWH 

80 


120 


ns 

Serial Write Disable Set Up Time QQ 

tswis 

20 


30 


ns 

Serial Write Disable Hold Time ID 

tsWIH 

40 


60 


ns 

Asynchronous Command (TR) to 

RAS Set Up Time 

tys 

0 


0 


ns 

Asynchronous Command (TR) to 

RAS Hold Time 

f YH 

12 


15 


ns 

Time between Transfer |Q 

t REFT 




4 


4 

ms 


NOTES; 

D An initial pause of 200/us is required after power-up 
followed by any 8 RAS, 8 transfer, and 8 SAS cycle 
before proper device operation is achieved. In case of 
using internal refresh counter, a minimum of 8 CAS- 
before-RAS initialization cycles instead of 8 RAS cycle 
are required 

H AC characteristics assume 

Q V | H (min) and V )L (max) are reference levels for meas- 
uring timing of input signals. Also, transition times are 
measured between V| H (min) and V, L (max). 

□ Assumes that t RCD t RCD (max). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will be increased by the amount that t RCD 
exceeds the value shown. 

Q Assumes that t RCD > t RCD (max). 

Q Measured with a load equivalent to 2 TTL loads and 

lOOpF. 


Q Operation within the t RCD (max) limit insures that 
tpAc (max) can be met. t RCD (max) is specified as a 
reference point only; if t RCD is greater than the speci- 
fied t RCD (max) limit, then access time is controlled 
exclusively by t CAC . 

s tRCD ( m in) — tp ah (min) + 2ty (t-r-5ns) + t^sc (min) 

El Either t RRH or t RCH must be satisfied for a read cycle. 

DEI Measured with a load equivalent to 2 TTL loads and 
50pF. 

m Input mode only 

IB Write transfer and pseuso write transfer only. 

IE1 Read transfer only in the case that the previous trans- 
fer was write transfer. 

m Pseudo write transfer only. 

fB If t REFT is not satisfied, 8 transfer and 8 SAS cycles 
before proper device operation is needed. 

|Q Either t DZC or t DZO must be satisfied. 
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READ CYCLE 


, RC 

V, H - > 

RAS Vn - 




tCSH 

, *C RS 

t 

r 

BCD 





t ASR 

*RAH , t ASC 

*CAH , 

rnr i 

ADDRESSES V|H ROW ADD.E/' c lj COL 

Q 

O 

< 


MD/DQ v OH - 
(OUTPUT) v OL - 


MD/DQ V, H 

(INPUT) v, L 


HIGH-Z' 

^DZC—j 



WRITE CYCLE (EARLY WRITE) 


t ASR II *RAH t ASC [ ^ *CAH 

row add"1k l] 1 col. add. : r 


J ^ 

□ Don't Care 


MD/DQ V 'H - 
(INPUT) V, L - 

MD/DQ v OH- II 

(OUTPUT) v~, - ,11 




i23S0EB3E‘ 


B Don't Care 

Note 1) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 

When ME/WE - "L", the data on the MD/DQ are not written (masked) except for when MD/DQ = "H" at the 
falling edge of RAS. 
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Note 1 ) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 

When ME/WE = "L" , the data on the MD/DQ are not written (masked) except for when MD/DQ = "H" at the 
falling edge of RAS. 

Note 2) When TR/OE is kept "H" through a cycle, the MD/DQ are kept High-Z state. 



Note 1 ) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 

When JKE/WE ~ "L" , the data on the MD/DQ are not written (masked) except for when MD/DQ = "H" at the 
falling edge of RAS. 


3 - 
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Note 1) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 

When ME/WE = "L" , the data on the MD/DQ are not written (masked) except for when MD/DQ = "H" at the 
falling edge of RAS. 


Note 2) When TR/OE is kept "H" through a cycle, the MD/DQ are kept High-Z state. 



Note 1 ) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 

When ME/Wf = "L" , the data on the MD/DQ are not written (masked) except for when MD/DQ * "H" at the 
falling edge of RAS. 


3 - 
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RAS 


V, H 
V.L - 


ADDRESSES 


CAS 


TR/OE 


V IH 

V,l-- 


MD/DQ Vqh- 


RA5-ONLY REFRESH CYCLE (ME/WE=Don't Care) 


t CRS 


i r“i 


V|H-— 

V| L -_ 


'OFF- 


£ 


H <RC 


X 




1 


'R Ah 
& 

i 

1 



I— 'RPC 


■ 1 

r 

'ys 

«VI 

n 

H 

I 




MD/DQ V «H - 

(INPUT) V, L - 


-HIGH-Z 


-c 


□ Don't Care 


CAS-BEFORE-RAS REFRESH CYCLE (ADDRESS, ME/WE, TR/OE=Don't Care) 



MD/DQ 

(INPUT) 


V, H 

V,, 


-HIGH-Z- 


• 

- - 
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*: In the case that the previous transfer is read transfer. 

**: If 3>l= is low, the valid data will appear within t SAC or t SEA . 
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*; In the case that the previous transfer is write transfer. 
**; If SE is high these data are not written into the SAM. 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 6 - NORMALIZED ACCESS TIME 
vs SUPPLY VOLTAGE 
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Fig. 7 - NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERATURE 



Fig. 8 - OPERATING CURRENT 
vs CYCLE RATE 



Fig. 9 - OPERATING CURRENT 
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Fig. 10 - OPERATING CURRENT 
vs AMBIENT TEMPERATURE 
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Fig. 11 - STANDBY SURRENT 
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Fig. 12 - STANDBY CURRENT 
vs AMBIENT TEMPERATURE 
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Fig. 13 -REFRESH CURRENT 1 
vs CYCLE RATE 



Fig. 14 - REFRESH CURRENT 1 
vs SUPPLY VOLTAGE 
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Fig. 15 - PAGE MODE CURRENT 
vs CYCLE RATE 



Fig. 16 -PAGE MODE CURRENT 
vs SUPPLY VOLTAGE 
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Fig. 17 - REFRESH CURRENT 2 
vs CYCLE RATE 
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Fig. 18 - REFRESH CURRENT 2 
vs SUPPLY VOLTAGE 
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Fig. 19 — TRANSFER MODE CURRENT 
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Fig. 20 - TRANSFER MODE CURRENT 



Fig. 21 - RAM STANDBY/SAM ACTIVE CURRENT 
vs CYCLE RATE 
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Fig. 22 - RAM STANDBY/SAM ACTIVE CURRENT 
vs SUPPLY VOLTAGE 



Fig. 23 - RAM STANDBY/SAM ACTIVE CURRENT 
vs AMBIENT TEMPERATURE 
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Fig. 24 - ADDRESS AND DATA (DQ AND SD) 
INPUT VOLTAGE vs SUPPLY VOLTAGE 



Fig. 25 - ADDRESS AND DATA (DQ AND SD) 
INPUT VOLTAGE vs SUPPLY VOLTAGE 
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Fig. 26 - RAS, CAS, ME/WE, TR/OE, SE, SAS 
INPUT VOLTAGE vs SUPPLY VOLTAGE 



Fig. 27 - RAS, CAS, ME/WE, TR/OE, SE, SAS INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 
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Fig. 28 -ACCESS TIME (RAM) 
vs LOAD CAPACITANCE 



C L , LOAD CAPACITANCE (pF) 


Fig. 29 - ACCESS TIME (SAM) 
vs LOAD CAPACITANCE 
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Fig. 30 - DQ OUTPUT CURRENT 
vs DQ OUTPUT VOLTAGE 
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Fig. 31 -SD OUTPUT CURRENT 
vs SD OUTPUT VOLTAGE 


< 

E 

£ 200 
LU 

ac 

tr 

3 150 

O 

f— 

H 100 
3 
O 
Q 

w 50 

-J 

_o 

0 


Vql. SD OUTPUT VOLTAGE (V) 


Ta = 

1 

25° C 











v cc 

= 5.5V 

- 

A 



CC = 4 - 

5V 

z 






0 1 2 3 4 5 


Fig. 32 - DQ OUTPUT CURRENT 
vs DQ OUTPUT VOLTAGE 
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Fig. 33 - SD OUTPUT CURRENT 
vs SD OUTPUT VOLTAGE 
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DATA SHEET : 


FUJITSU 


MB81461B-12/-15 

262, 144-BIT DUAL PORT DYNAMIC RANDOM ACCESS MEMORY 


262,144 Bit Dual Port DRAM 

The Fujitsu MB81461B is a fully decoded, dynamic NMOS random access 

memory organized as 65,536 words by 4 bits dynamic RAM port and 256 words by 4 
bits serial access memory (SAM) port. 

The DRAM port is identical to the Fujitsu MB81464 with four bits of parallel 
random access I/O while the SAM port is designed as four 256-bit registers, each 

operating as a serial I/O. The four serial registers operate in parallel with each other 1 « 

during SAM port operation. Internal interconnects give the device the capability to ^ 

transfer data bi-directionally between the DRAM memory array and the SAM data pMHTI/V ]f W 1 

registers. | [ O' u 

The MB81 461 B offers complementary asynchronous access of both the DRAM 
and SAM ports, except when data is transferred between them internally. The design is PLASTIC PACKAGE 

optimized for high speed and performance making the MB81 461 B the most efficient DIP-24P-M04 

solution for implementing the frame buffer of a bit-mapped video display system. 

Multiplexed row and column address inputs permit the MB81 461 B to be housed in a 
400-mil wide 24-pin DIP or ZIP package. Pinouts conform to the JEDEC-approved 

pinouts. 1^(1 

The MB81 461 B is fabricated using silicon gate NMOS and Fujitsu’s advanced 
Triple-layer Polysilicon process technology. This process, coupled with single 

transistor memory storage cells, permits maximum circuit density and minimum chip I ■ 

size. All inputs and outputs are TTL compatible. Some transfer cycle timing WfP 

specifications are different from MB81 461 . 1 V 

• Dual Port Organization • Power Dissipation 


64 K x 4 Dynamic RAM port (DRAM) 
256 x 4 Serial Access Memory port 
(SAM) 

• 24-pin DIP and ZIP packages 

• Silicon-gate, Triple Poly NMOS, single 
transistor cell 

• DRAM Port 

Access Time (tRAc) 

1 20 ns max. (MB 81461 B-1 2) 

150 ns max. (MB 81461 B-15) 

Cycle Time (tsAc) 

230 ns max. (MB 81461 B-1 2) 

260 ns max. (MB 81461 B-15) 

• SAM Port 

Access Time (tsAc) 

40 ns max. (MB 81 461 B-1 2) 

60 ns max. (MB 81461 B-15) 

Cycle Time (tsc) 

40 ns max. (MB 81461 B-12) 

60 ns max. (MB 81461B-15) 

• Single +5 V Supply, ±10% tolerance 

• Real Time, Read Transfer capability 

• Page Mode capability 

Absolute Maximum Ratings 


Power Dissipation 
DRAM; Act/SAM; Stby 
523 mW max. (MB 81461 B-1 2) 
468 mW max. (MB 81461 B-15) 
DRAM; Stby/SAM; Act 
275 mW max. (MB 81461 B-12) 
220 mW max. (MB 81461 B-15) 
DRAM; Stby/SAM; Stby 
110 mW max. 

Bi-directional data transfer between 
DRAM and SAM 

Fast serial access asynchronous to 
DRAM except transfer operation 
Bit Masked Write Mode capabiltiy 
256 refresh cycles every 4 ms 
RAS-only, CAS-before-RAS, Hidden 
Refresh capability 

Delayed write and Read-Modify-Write 
capability 

Standard 24-Pin Plastic Packages: 
DIP (MB81461B-XXP) 

ZIP (MB81461B-XXPSZ) 


(See Note) 


Parameter 1 ; 

Symbol : 

Value 

1 y.';. 

Voltage at any pin relative to Vss 

V, N .VouT 

-1 to +7 

n 

Voltage of Vex: supply relative to V ss 

Vcc 

-1 to +7 

mom 

Storage Temperature 

Tstg 

-55 to +125 

0 


Power Dissipation 

Pd 

1.0 

W 

Short Circuit Output Current 

— 

50 

mA 


PLASTIC PACKAGE 
ZIP-24P-M02 



Note: Permanent device damage may occur if absolute maximum ratings are exceeded. 

Functional operation should be restricted to the conditions as detailed in the operation 
sections of this data sheet. Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


Copyright © 1990 by FUJITSU LIMITED aid Fujitsu Microelectronics, Inc. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, k 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedanoe circuit 
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Fig. 1 - BLOCK DIAGRAM OF MB 81461 B and PIN DESCRIPTION 


Block Diagram 



MDO/DQO MD1/DQ1 MD2/DQ2 MD3/DQ3 


I/O Buffer | I/O Buffer | I/O Buffer | I/O Buffer 


ikl Column Dec. * I Column Dec. I-*- 1 li I Column Dec. 



256 x 256 256 x 256 256 x 256 

Cell Array Cell Array Cell Array 


Pin Description 



Serial Access Memory Strobe 
Serial Data I/O 
Transfer Enable/ 

Output Enable 
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DESCRIPTION 

DRAM OPERATION 
RAS; 

This pin is used to strobe eight row-ad- 
dress inputs from AO to A7 pins and is 
used to select the operation mode of 
subsequent cycle, such as DRAM ope- 
ration or transfer operation (by TR/OE 
and bit mask write cycle or not (by 
ME/WE and MDO/DQO to MD3/DQ3). 
Since RAS = "L" is the active condition 
of circuit, to maintain RAS = "H" 
(standby condition) is effective to save 
power dissipation. 

CAS; 

This pin is used to strobe eight column 
address inputs at the falling edge. CAS 
pin has the function to enable and dis- 
able the output at "L" and "H" respec- 
tively during the read operation. 
Another function of CAS is to select 
"early write" mode conditioned by 
ME/WE = "L". 

ME/WE; 

This pin is used to select read or write 
cycle. ME/WE = "L" select write mode 
and ME/WE = "H" select read mode. 
This pin is also used to enable bit mask 
write cycle. If ME/WE = "L" at the fall- 
ing edge of RAS, bit mask write is en- 
abled. 

TR/OE; 

This pin is used to select Transfer oper- 
ation or not at the falling edge of RAS, 
TR/OE = "H" enables DRAM operation 
and TR/(5E = "L" enables Transfer 
operation between DRAM and SAM. 
After the falling of RAS with t Y h • this 
pin is used for output enable. 

The TR/OE controls the impedance of 
the output buffers. TR/OE = "H" forces 
the output buffers at high impedance 
state. TR/OE = "L" leads the output 
buffers at low impedance state. But in 
early write cycle, the output buffers are 
high impedance state even if TR/OE is 
low. 

AO to A7; 

These are multiplexed address input 


pins and used to select 4 bits of 262,144 
memory cell locations in parallel within 
theMB81461 B The eight row address in- 
puts are strobed by RAS and followed 
eight column address inputs are strobed 
by CAS. These are used to select the 
start address of serial access memory 
also. 

MDO/DQO to MD3/DQ3 

These are common I/O pins of DRAM 
port. I/O mode is as specified for each 
function mode in the truth table. 

Data Outputs: 

The output buffers have three-state 
capability "H", "L" and "High-Z". To 
get valid output data on the pins, one of 
the read operations is selected such as 
"read" or "read-modify-write" mode. 
During a refresh cycle, either RAS-only 
or CAS-before-RAS mode is selected, 
output buffers are set in "High-Z" state. 

Data inputs: 

These are used as data input pins when a 
data write mode such as "Early-Write", 
"Delayed Write" or "Read-modify- 
Write" is selected. In any of the above 
cases, these pins are set at "High-Z" 
state to enable data-in without any bus 
conflict. 

In any operation mode, read, write, re- 
fresh, transfer and their combined func- 
tions, output states "H", "L", "High-Z" 
are set by control signals RAS, CAS, 
ME/WE and/or TR/OE. When "Bit mask 
write" mode is set, these pins are used 
as a control signal for write inhibit with 
MDi/DQi = "L" on the selected bit i. 

Page Mode; 

The page mode operation is to strobe 
the column address by CAS while RAS 
is maintained at "L" through all the suc- 
cessive memory operations if the row 
address doesn't change. This mode can 
save power dissipation and get the faster 
access time due to the elimination of 
RAS falling edge function. 


Refresh; 

Refresh of the DRAM cells is performed 
for every 256 rows per every 4 milli- 
seconds. 

The MB81461B offers the following 
three types of refresh. 

1) RAS-Only refresh; The RAS-Only re- 
fresh is performed with CAS="H" 
condition. Strobing every 256 row 
addresses with RAS will complete all 
bits of memory cell to be refreshed 
while all outputs are invalid due to 
"High-Z" state. Further RAS-only re- 
fresh saves the power dissipation sub- 
stantially. 

2) CAS-before-RAS refresh; The CAS- 
before-RAS refresh offers an alter- 
nate refresh method. If CAS is set 
low for the specified period (t FC s) 
before the falling edge of RAS, re- 
fresh control clock generator and re- 
fresh address counter are enabled, 
and an refresh operation is per- 
formed. After the refresh operation 
is performed, the refresh address 
counter is incremented automatically 
for the next CAS-before-RAS refresh. 

3) Hidden refresh; The hidden refresh is 
performed by maintaining the valid 
data of last read cycle at MD/DQ 
pins while extending CAS low. The 
hidden refresh is equivalent to CAS- 
before-RAS refresh because CAS 
stays low when RAS goes to low in 
the next cycle. 

Bit Mask Write; 

This mode is used when some of the bits 
should be inhibited to be written into 
cells. The bit mask write mode is exe- 
cuted by setting ME/WE = "L" at the 
falling edge of RAS during write mode 
(early, delayed write or read-modify- 
write cycle). The bits to be masked (or 
inhibited to write) is determined by 
MD/DQ state at the falling edge of RAS, 
for example, if MDO/DQO and ME /WE 
are both low at the falling edge of RAS, 
the data on MDO/DQO pin is not written 
into the cell during the cycle. Refer to 
the Fig. 2. 
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EXAMPLE OF BIT MASK WRITE OPERATION 


Falling edge of RAS 

Function 

TR/OE 

ME/WE 

MDO/DQO 

MD1/DQ1 

MD2/DQ2 

MD3/DQ3 

H 

H 

X 

X 

X 

X 

Write enable 

L 

H 

L 

H 

L 

Write enable for DQO and DQ2 
Write disable for DQ1 and DQ3 


FUNCTIONAL TRUTH TABLE FOR DRAM OPERATION 


RAS 

CAS 

ME/WE 

TR/OE 

ADDRESSES 

MDO/DQO to 
MD3/DQ3 

Function 

H 

H 

X 

X 

X 

X 

Standby 

L 

L 

H 

H->L 

Valid 

Valid Data Out 

Read 

L 

L 

L* 

H>X 

Valid 

Valid Data In 

Early Write 

L 

L 

_j 

t 

I 

H^X^H 

Valid 

Valid Data In 

Delayed Write 

L 

L 

H->L 

H>L^H 

Valid 

Valid Data Out 
->■ Valid Data In 

Read-Modify-Write 

L 

H 

X 

H->X 

Row address 

High-Z 

RAS-Only Refresh 

H-*L 

L 

X 

H->X 

X 

High-Z 

CAS-before-RAS Refresh 


: If ME/WE = "L" at the falling edge of RAS, bit mask write mode is enabled. 


TRANSFER OPERATION: 

The transfer operation is featured in the 
MB 81461 B. This mode is used to trans- 
fer simultaneously 256x4 data from 
DRAM to SAM or from SAM to DRAM. 
The direction of transfer is determined 
by the state of ME/WE at the falling 
edge of RAS. ME/WE="H" defines the 
transfer from DRAM to SA M (Read 
Transfer Cycle) and ME/WE="L" de- 
fines the transfer from SAM to DRAM 
(Write Transfer Cycle). 

I/O mode of SDO to SD3 determined 
while the transfer operation is set ( TR/ 
OE="L") conjunctioned with ME/WE 
state. 

After Read Transfer Cycle, please apply 
two or more SAS Clock. 

TR/OE; 

This pin is used to enable transfer oper - 
ation at the falling edge of RAS. 

ME/WE; 

This pin is used to select the direction 
of transfer at the falling edge of RAS. 

AO to A7; 

These pins are used to seiect the row 
address of DRAM port to be transfered 
from or to, and the start address of 
SAM port for the serial read or write 
operation. The row address is strobed 
by RAS and the start address is strobed 
by CAS. 
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Pseudo Write Transfer: 

To start serial write cycle, the SD pins 
must be set in input mode. To do this, 
write transfer cycle should be executed. 
The pseudo write transfer cycle is to 
change the SD pins into input mode 
without data transfer from SAM to 
DRAM. Refer to Fig. 3. 

Refresh during transfer cycle; 

DRAM and SAM are refreshed during 
transfer cycle as shown below. 

1) Read transfer cycle: 

During read transfer cycle, the 
selected row address of DRAM to be 
transfered to SAM is refreshed. SAM 
data are kept by applying 256 SAS 
clocks within 4 ms after the read 
transfer cycle. 

2) Write transfer cycle: 

During write transfer cycle, the new 
data are written from SAM to DRAM 
and this row address should be re- 
freshed within 4 ms. 

But SAM data are not refreshed 
during write transfer cycle. There- 
fore, the SAM refresh (applying 256 
SAS clocks within 4 ms) must be 
executed. Especially, when the write 
transfer cycle is executed conti- 
nuously, 256 SAS clock should be 
applied within 4 ms. 


SERIAL ACCESS OPERATION: 

The MB 81461 Bhas 256 words by 4 bits 
Serial Acess Memory (SAM) correspond- 
ing to 64K words by 4 bits DRAM and 
the fast serial read/write access is 
achieved by SAM architecture. Read or 
write cycle is determined when the last 
read or write transfer operation is exe- 
cuted. If the last transfer operation was 
read transfer, the serial read cycle is 
performed until the next write or 
pseudo write transfer cycle is executed. 
On the other hand, if the last transfer 
operation was write or pseudo write 
or pseudo write transfer, the serial write 
cycle is performed. In the serial write 
operation, 256 words by 4 bits data 
stored in the SAM can be transfered to 
DRAM under SE="L" condition, and 
SE="H" condition disables data transfer 
from SAM to DRAM. The serial access 
operation can be done asynchronously 
from DRAM port. 

SAS; 

This pin is used as a shift clock for SAM 
port. The serial access is triggered by the 
rising edge of SAS. In the write cycle, 
the data of the SD pins are strobed by 
the rising edge of SAS and written into 
the selected cell. In the read cycle, out- 




MB81461 B-12 
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put data become valid after t SAC from 
the rising edge of SAS and the data re- 
main valid until the next cycle is de- 
fined. The SAS clock increments the 
SAM address automatically. When the 
SAM address exceeds #255 (Most Sig- 
nificant Address) it returnes to #0 
(Least Significant Address). 

SE; 

This pin is used to enable serial access 
operation by bit to bit. SE = "H" dis- 
ables serial access operation. In the 
serial read operation, this pin is used for 
output enable, i.e., SE = "H" leads SD 
pins to "High-Z" state. SE = "L" leads 
SD pins to valid data with specified ac- 
cess time. In the serial write operation, 
this pin works as write enable control 
pin. 


SDO to SD3; 

These are used as data input/output pins 
for SAM port. Input or output mode is 
determined by last occured transfer 
operation, if last transfer operation was 
read transfer mode, they are output 
mode. If the write transfer mode was 
set, SD pins are enabled to write data 
into SAM. 

Refresh; 

Since the SAM is constructed by dy- 
namic circuitry, the refresh is necessary 
to maintain the data in it. The refresh 
of SAM must be done by 256 cycles 
of SAS clock/4ms in either output or 
input mode. SE = "H" allows refresh 
of SAM with SD pins at "High-Z" state. 
Real Time Read Transfer; 

This feature is applicable to obtain valid 


data continuously when row address is 
changed without any timing loss from 
the last bit of previous row to the first 
bit of new row. Data transfer from 
DRAM to SAM is triggered by rising 
edge of TR/OE after the preparation of 
internal circuit for this operation, while 
SAM port can continue read operation 
asynchronously from the above men- 
tioned internal move. Once TR/OE re- 
turns to "H" with the restricted timing 
specification t TSL and t TSD refered to 
SAS clock, SD pins can get the valid 
output data continuously as shown in 
Fig. 4. The key issue to achieve this 
feature is to apply SAS clock contin- 
uously with the timing consideration to 
the rising edge of TR/OE. 


FUNCTIONAL TRUTH TABLE FOR SERIAL ACCESS (Asynchronous from DRAM port) 


Falling edge of RAS 

SAS 

SE 

SDO to SD3 

Function 

TR/OE 

ME/WE 

H 

X 

Clock 

L 

Input/Output* 

Sequential access enable 

Clock 

H 

Input/Output* 

Sequential access disable 


*: The read or write operation of SAM port is pre-determined by the last occurred transfer cycle. Input mode is for write 
operation. Output mode is for read operation. 


X; Don't Care 


Fig. 2 - EXAMPLE OF BIT MASK WRITE OPERATION 


RAS > 

^ Set maik write mode 


V 

CAS 

m/m \ 

\ 

/ \ 




TR/OE 7 

\ 





MD0/DQ0 \ 

/ : 

Masked 




MD1/DQ1 / 

\_/ 

\ Non masked Write "H" 

MD2/DQ2 \ 

/ 





MD3/DQ3 / 

\ 

/ Non masked Write "L" 
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RECOMMENDED OPERATING CONDITIONS 

(Referenced to V§s) 


Parameter 

Symbol 

Min. 

Typ. 

Max. 

Unit 

Qnnnlw X/nl+anp 

v cc 

4.5 

5.0 

5.5 

V 

ouppiy v ui layc 

Vss 

0 

0 

0 

V 

Input High Voltage 

V, H 

2.4 


6.5 

V 

Input Low Voltage 

1 V IL 

-2.0 


0.8 

V 


Operating Temperature 


0 C to +70 C 


CAPACITANCE (t a =25°o 


Input Capacitance (AO to A7) 

Input Capacitance (RAS, CAS, ME/WE, SE, TR/OE) 
Input Capacitance (SAS) 

Input/Output Capacitance (MD0/DQ0 to MD3/DQ3) 
Input/Output Capacitance (SDO to SD3) 

AC TEST CONDITIONS 


V| H = 2.4V - 
V 1 1 = 0.8V J 


2) Output 

v OH = 2.4V -j 


3) Output Load 
MDO/DQO to MD3/DQ3 


Measuring Point 



Measuring Point 
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DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Max 

Unit 

SAM STANDBY SE = V 1H , SAS = V, L 

OPERATING CURRENT* 

Average power supply current 
(RAS, CAS cycling; t RC = min) 

MB 81461 B-12 

•cci 


95 

mA 

MB 81461B-15 

85 

STANDBY CURRENT 

Power supply current (RAS = CAS = V tH ) 

*CC2 


20 

mA 

REFRESH CURRENT 1* 

Average power supply current 
(CAS = V | H , RAS cycling; t RC = min) 

MB 81461 B-12 

•cc3 


77 

mA 

MB 81461B-15 

70 

PAGE MODE CURRENT* 

Average power supply current 
(RAS = V| L , CAS = cycling, t PC = min) 

MB 81461B-12 

•cc4 


50 

mA 

MB 81461B-15 

45 

REFRESH CURRENT 2* 

Average power supply current 
(CAS-before-RAS; t RC = min) 

MB 81461 B-12 

*CC5 


77 

mA 

MB 81461B-15 

70 

TRANSFER MODE CURRENT 

Average power supply current 
(RAS, CAS cycling; t RC = min) 

MB 81461B-12 

!cc6 


110 

mA 

MB 81461 B-15 

100 

SAM ACTIVE SE = V IL , t sc = min 

OPERATING CURRENT* 

Average power supply current 
(RAS, CAS cycling; t RC = min) 

MB 81461B-12 

•CC7 


130 

mA 

MB 81461B-15 

110 

STANDBY CURRENT 

Power supply current 
(RAS = CAS = V IH ) 

MB 81461 B-12 

lees 


50 

mA 

MB 81461B-15 

40 

REFRESH CURRENT 1* 

Average power supply current 
(CAS = V ih , RAS cycling; t RC = min) 

MB 81461B-12 

^CC9 


112 

mA 

MB 81461 B-15 

95 

PAGE MODE CURRENT* 

Average power supply current 
(RAS = V| L , CAS cycling, t PC = min) 

MB 81461B-12 

•ccio 


85 

mA 

MB 81461B-15 

70 

REFRESH CURRENT 2* 

Average power supply current 
(CAS-before-RAS; t RC = min) 

MB 81461 B-12 

Icctl 


112 

mA 

MB 81461B-15 

95 

TRANSFER MODE CURRENT 

Average power supply current 
(RAS, CAS cycling; t RC = min) 

MB 81461B-12 

*CC12 


145 

mA 

MB 81461B-15 

125 
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DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Max 

Unit 

INPUT LEAKAGE CURRENT 

Input leakage current, any input (OV <! V 1(SJ < 5.5V, 

V cc =5.5V, V ss =OV, all other pins not under 
test=OV) 

•ml) 

-10 

10 


OUTPUT LEAKAGE CURRENT 
(Data out is disabled, 0 V < V 0 ut ^ 5.5V) 

•o(l) 

-10 

10 

//A 

OUTPUT LEVELS 

Output high voltage (l OH " - 5mA/-2mA for DQi/SDi ) 

Vqh 

2.4 


V 

Output low voltage (l 0 L = 4.2mA) 

< 

o 

r 


0.4 



Note: l cc is dependent on output loading and cycle rates. Specified values are obtained with the output open. 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


NOTES 1 2 3 


Parameter ISM^sid 

Symbol 

MB 81461 B-12 

MB 81461 B-15 

Unit 

Min 

Max 

Min 

Max 

Time between Refresh (RAM/SAM) 

t REF 


4 


4 

ms 

Random Read/Write Cycle Time 

t RC 

230 


260 


ns 

Read-Modify-Write Cycle Time 

tRWC 

305 


345 


ns 

Page Mode Cycle Time 

tpc 

120 


145 


ns 

Page Mode Read-Modify-Write 

Cycle Time 

tpRWC 

195 


225 


ns 

Access Time from RAS B 13 

tRAC 


120 


150 

ns 

Access Time from CAS S @1 

tcAC 


60 


75 

ns 

Output Buffer Turn Off Delay 

t(D FF 

0 

25 

0 

35 

ns 

Transition Time 

t T 

3 

50 

3 

50 

ns 

RAS Precharge Time 

t-RP 

90 


100 


ns 

RAS Pulse Width 

*RAS 

120 

60000 

150 

60000 

ns 

RAS Hold Time 

tRSH 

60 


75 


ns 
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AC CHARACTERISTICS 


Parameter fgTi¥I3a 

Symbol 

MB 81461 B-12 

MB 81461 B-15 

Unit 

Min 

Max 

Min 

Max 

CAS Precharge Time 
(Normal cycle) 

tcPN 

40 


50 


ns 

CAS Precharge Time 
(Page mode only) 

*cp 

50 


60 


ns 

CAS Precharge Time 
(CAS-before-RAS ) 

*CPR 

25 


30 


ns 

CAS Pulse Width 

tcAS 

60 

60000 

75 

60000 

ns 

CAS Hold Time 

tcSH 

120 


150 


ns 

RAS to CAS Delay Time B 0 

tRCD 

22 

60 

25 

75 

ns 

CAS to RAS Set Up Time 

fcRS 

10 


10 


ns 

Row Address Set Up Time 

*ASR 

0 


0 


ns 

Row Address Hold Time 

tRAH 

12 


15 


ns 

Column Address Set Up Time 

tASC 

0 


0 


ns 

Column Address Hold Time 

tCAH 

20 


25 


ns 

Read Command Set Up Time 

tRCS 

0 


0 


ns 

Read Command Hold Time 

0 

Referenced to RAS 

t RR H 

20 


20 


ns 

Read Command Hold Time 

m 

Referenced to CAS 

tRCH 

0 


0 


ns 

Write Command Set Up Time 

twcs 

-5 


-5 


ns 

Write Command Hold Time 

twCH 

30 


35 


ns 

Write Command Pulse Width 

t W p 

30 


35 


ns 

Write Command to RAS Lead Time 

tRWL 

40 


45 


ns 

Write Command to CAS Lead Time 

t CWL 

40 


45 


ns 

Data In Set Up Time 

*DS 

0 


0 


ns 

Data In Hold Time 

tDH 

30 


35 


ns 

Access Time from TR/OE EH 

toEA 


35 


40 

ns 

TR/OE to Data In Delay Time 

^OED 

25 


30 


ns 
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AC CHARACTERISTICS 


MB 81461 B-12 
Min I Max 


MB 81461 B-1 5 
Min I Max 


Output Buffer Turn Off Delay 
from TR/OE 

TR/OE Hold Time Referenced to ME/WE 

TR/OE to RAS inactive Set Up Time 

Data In to CAS Delay Time D 

Data In to TR/OE Delay Time D 

Refresh Set Up Time Referenced to 
RAS (CAS-before-RAS) 

Refresh Hold Time Referenced to 
RAS (CAS-before-RAS) 

RAS Precharge to CAS Active 
Time 

Serial Clock Cycle Time 

Access Time from SAS Q 

Access Time from SE Q 

SAS Precharge Time 

SAS Pulse Width 

SE Precharge Time 

SE Pulse Width 

Serial Data Out Hold Time 
after SAS High 

Serial Output Buffer Turn Off 
Delay from SE 

Serial Data In Set Up Time D 

Serial Data In Hold Time D 


fsp 

10 

20 

fSAS 

10 

20 

tsEP 

25 

45 

tsE 

25 

45 

tsOH 

10 

10 

*SEZ 

0 

25 0 

tSDS 

0 

0 

f SDH 

20 

25 


5 




MB81461 B-12 
MB81461 B-15 


AC CHARACTERISTICS 


Parameter iMriairil 

Symbol 

MB 81461 B-12 

MB 81461 B-15 

Unit 

Min 

Max 

Min 

Max 

Transfer Command (TR) to RAS 

Set Up Time 

t TS 

0 


0 


ns 

Transfer Command (TR) to RAS 

Hold Time 

t RTH 

90 


110 


ns 

Write Transfer Command (TR) to «. 

RAS Hold Time m 

f RTH W 

12 


15 


ns 

Transfer Command (TR) to CAS 

Hold Time 

fcTH 

30 


35 


ns 

Transfer Command (TR) to SAS 

Lead Time 

tTSL 

5 


10 


ns 

Transfer Command (TR) to RAS 

Lead Time ® 

tTRRL 

25 


35 


ns 

Transfer Command (TR) Hold Time 
from RAS 

tTRRH 

25 


35 


ns 

First SAS Edge to Transfer Command 

Delay Time 

tTSD 

25 


35 


ns 

ME/WE to RAS Set Up Time 

twSR 

0 


0 


ns 

ME/WE to RAS Hold Time 

tRWH 

12 


15 


ns 

Mask Data (MD) to RAS Set Up Time 

f MS 

0 


0 


ns 

Mask Data (MD) to RAS Hold Time 

l MH 

35 


45 


ns 

Serial Output Buffer Turn Off 

Delay from RAS 

tSDZ 

10 

60 

10 

75 

ns 

Serial Output Buffer Turn On 

Delay from RAS 

tSRO 

0 


0 


ns 

SAS to RAS Set Up Time EKI 

fSRS 

40 


60 


ns 

RAS to SAS Delay Time EEI 

fSRD 

30 


45 


ns 

Serial Data Input to SE Delay Time 

*SZE 

0 


0 


ns 

Serial Data Input Delay from RAS Qgj 

*SDD 

60 


75 


ns 
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AC CHARACTERISTICS 


Parameter iflimnsui 

Symbol 

MB 81461 B-12 

MB 81461B-15 

Unit 

Min 

Max 

Min 

Max 

Serial Data Input to RAS Delay Time EB 

tszs 

0 


0 


ns 

Pseudo Transfer Command (SE) to _ 

RAS Set up Time 

t ESR 

0 


0 


ns 

Pseudo Transfer Command (SE) to 

RAS Hold Time m 

t REH 

12 


15 


ns 

Serial Write Enable Set up Time ED 

tsws 

20 


30 


ns 

Serial Write Enable Hold Time OD 

fsWH 

80 


120 


ns 

Serial Write Disable Set Up Time QH 

tswis 

20 


30 


ns 

Serial Write Disable Hold Time ED 

tsWIH 

40 


60 


ns 

Asynchronous Command (TR) to 

RAS Set Up Time 

tys 

0 


0 



ns 

Asynchronous Command (TR) to 

RAS Hold Time 

*YH 

12 


15 

! 

ns 

Time between Transfer EE 

f REFT 


4 


4 

ms 


NOTES: 

B1 An initial pause of 200jus is required after power-up 
followed by any 8 RAS, 8 transfer, and 8 SAS cycle 
before proper device operation is achieved. In case of 
using internal refresh counter, a minimum of 8 CAS- 
before-RAS initialization cycles instead of 8 RAS cycle 
are required. 

Q AC characteristics assume. 

Bel V ih (min) and 1_| L (max) are reference levels for meas- 
uring timing of input signals. Also, transition times are 
measured between V IH (min) and V, L (max). 

Bl Assumes that t RCD ^ t RCD (max). If t RCD is greater 
than the maximum recommended value shown in this 
table, t RAC will be increased by the amount that t RCD 
exceeds the value shown. 

Q Assumes that t RCD ^ fRCDjmax). 

H Measured with a load equivalent to 2 TTL loads and 
lOOpF. 


B Operation within the t RCD (max) limit insures that 
t R ac (max) can be met. t RCD (max) is specified as a 
reference point only; if t RCD is greater than the peci- 
fied t RCD (max) limit, then access time is controlled 
exclusively by t CAC . 

Bl f rcd (min) = tRAH (min) + 2tj (t-|-=5ns) + t A sc (min) 

El Either t RRH or t RCH must be satisfied for a read cycle. 

EE Measured with a load equivalent to 2 TTL loads and 
50pF. 

ED Input mode only 

E E Write transfer and pseuso write transfer only. 

EE Read transfer only in the case that the previous trans- 
fer was write transfer. 

ED Pseudo write transfer only. 

EE If t REFT is not satisfied, 8 transfer and 8 SAS cycles 
before proper device operation is needed. 

EE Either t DZC or t D zo must satisfied. 

EH This timing specification is different from that of 
MB 81461. 


3-47 




MB81461 B-12 
MB81461 B-15 



READ CYCLE 


, RC 

V, H - > 

RAS V| L - 



t 

| RS 

1 t 


- 

| RCD 


CAS 

n 


t ASR 

l RAH ^SC 

tCAH , 

.. □ 


t=Zl 

ADDRESSES IH Y ROW ADD. T T COL. ADD. Y 


MD/DQ 

OH “ 1 MIC 


(OUTPUT) 

VOL" 




! I tOEA r 


1— tDZC-H 

1 1 

MD/DQ 


(INPUT) 

v.. - i . -IIIGII^ 



| I Don't Care 


WRITE CYCLE (EARLY WRITE) 



t „ J 

| | 

- t RCO 

-f- 

t RSH J- 


T ASR *RAH tASC 

_dH==i_rj4 

lT ROW ADD. Y Jf 
*WS R II l RWH l WCS 


~ 


COL. ADD. 

s 

■ r 


1 

4 

C 


t 1 

f 


1 

i 




MD/DQ V 'H - 

(INPUT) V| L -li 

MD/DQ v OH~_ 
(OUTPUT) V OL - - 


| ,| Don't Care 

Note 1 ) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 

When ME/WE = "L", the data on the MD/DQ are not written (masked) except for when MD/DQ = "H" at the 
falling edge of RAS. 








MB81461B-12 

MB81461B-15 


DELAYED WRITE CYCLE 



Note 1 ) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 

When ME/WE = "L", the data on the MD/DQ are not written (masked) except for when MD/DQ = "H” at the 
falling edge of RAS. 

Note 2) When TR/OE is kept "H" through a cycle, the MD/DQ are kept High-Z state. 


READ-MODI FY-WRITE CYCLE 



Note 1 ) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 

When ME/WE = "L ", the data on the MD/DQ are not written (masked) except for when MD/DQ = "H" at the 
falling edge of RAS. 
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Note 1) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 

When ME/WE = "L" , the data on the MD/DQ are not written (masked) except for when MD/DQ = "H" at the 
falling edge of RAS. 

Note 2) When TR/OE is kept "H" through a cycle, the MD/DQ are kept High-Z state. 

PAGE MODE READ-MODI FY-WRITE CYCLE 



— r* AH T 

*ASR hf^sc [ t C AH 


1 ) , 


— *CAS H 


i, / 

— tcp— — 
*ASC H 1 — — 

tCAH 

a — 


l RSH — h 

-tCAS—H 


VtH-^V 

ME /WE v flNotel 


•] *CWL 'll *CWLf- 
1 1 wp -dTr tR csir 


MD/DQ IH Y Note 1 V HIGH-2-4 
(INPUT) V| L -— -A— J I 


MD/DQ OH 
(OUTPUT) V OL 



‘OEDj 

f— HIGH-2- 


tcA H Tn^tOED 



I 1 Don't Care KVj Valid data In DOQi Valid data Out 


Note 1 ) When ME/WE = "H", all data on the MD/DQ can be written into the cell. 

When ME/WE = "L" , the data on the MD/DQ are not written (masked) except for when MD/DQ - "H" at the 
falling edge of RAS. 
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READ TRANSFER CYCLE* (MD/DQ = Don't Care) 


ra5 


CAS 


V, H 


ADDRESSES 


TR/OE 


V, H -" 


*TS- 


:n 

^SRK-I 



— tp A S B. 


v 

*CRS 

L 

r "l 

C^M 


nr p 






p 'm-u' 


'non — 

CJ 

* 

* R AH ^SC 

□ 

*CAS 

i- 

"1 

mm i 

u 


1 ASR 

_n 


*CAH , 

n 

1 

n t 

! 

rn 



R R L * 


-tRTH- 


—t CTH ~ 


me /We 


SAS 


Vih - 

V|L 


V, H 

V|L 


J 


_t RWH 


V 


*T R R H * 


*SP 


SD 

(INPUT) 


V, H 
V|L - 

V| H 
V| L ~ 


tSP 




mm 


■l 


. 

1 — — i 


AS 


*SP 


tTSL l l tTSPI 

I t~rTl 


-tsc- 


M|M| 


■■u 

II 1 


sd V ° H 

(OUTPUT) V OL “ 


a 


tsp 


-tsc- 


^AS 


tsp 


^SAS" 1 


-tsc- 


X SP 


. *SP , 


-tsc- 


tSAS 


-tsc- 




44-h-*sez 1 4) 

tsOH^ tsACr-n 


■■ ■■ ■ n ivjn — 1 1 

-t S EA —^SAC -^-pSAC ^tSAC 

t SOH 4 j- t SOH - *”~-j4 — Jr 'SOM — -+>— 

VALID "V VALID TT VALID T VALID V VALID 
DATA DATA JL DATA A DATA ^ DATA 


□ Don't C are 


*: In the case that the previous transfer is read transfer. 

**: If SE is low, the valid data will appear within t SAC or t SEA . 
***: These parameters are different from that of MB 81461. 
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READ TRANSFER CYCLE* (MD/DQ = Don't Care) 



*; Injtoe case that the previous transfer is write transfer. 

**; If SE is low and the previous cycle is serial write cycle, this should be valid data input. 
***; These parameters are different from that of MB 81461 . 
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In the case of SE="L" while the operation; 



□ Don't Care 







MB81461B-12 

MB81461B-15 
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I C C1> OPERATING CURRENT (mA) I C C1. OPERATING CURRENT ImA) t RAC , NORMALIZED ACCESS TIME 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 6 -NORMALIZED ACCESS TIME 



4 4.5 5.0 5.5 6.0 


Fig. 7 - NORMALIZED ACCESS TIME 
vs AMBIENT TEMPERATURE 



V cc , SUPPLY VOLTAGE (V) 


T a , AMBIENT TEMPERATURE (°C) 


Fig. 8 -OPERATING CURRENT 
vs CYCLE RATE 



Fig. 9 - OPERATING CURRENT 



4 4.5 5.0 5.5 


V cc , SUPPLY VOLTAGE (V) 


Fig. 10 -OPERATING CURRENT 
vs AMBIENT TEMPERATURE 

90 

80 

70 

60 

50 

-20 0 20 40 60 80 100 

T a , AMBIENT TEMPERATURE (°C) 



Fig. 11 - STANDBY SURRENT 



4 4.5 5.0 5.5 6 

V cc , SUPPLY VOLTAGE (V) 
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Fig. 12 - STANDBY CURRENT 
vs AMBIENT TEMPERATURE 



-20 0 20 40 60 80 100 

T a , AMBIENT TEMPERATURE (°C) 


Fig. 13- REFRESH CURRENT 1 
vs CYCLE RATE 



Fig. 14 -REFRESH CURRENT 1 
vs SUPPLY VOLTAGE 

100 

80 
60 

40 

20 

4 4.5 5.0 5.5 6.0 

V cc , SUPPLY VOLTAGE (V) 


1 

T a - 25° C 



*RC ~ 

ns 









__ — 

— — 

— 

— 












Fig. 15 - PAGE MODE CURRENT 
vs CYCLE RATE 



Fig. 16 - PAGE MODE CURRENT 
vs SUPPLY VOLTAGE 

50 

40 
30 

20 
10 

4 4.5 5.0 5.5 6 

V C c* SUPPLY VOLTAGE (V) 


1 

T A = 25° C 



l PC 







— — 

■ — 



— 











Fig. 17 - REFRESH CURRENT 2 



1 2 3 4 5 6 

l/t RC , CYCLE RATE (MHz) 
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Fig. 18 - REFRESH CURRENT 2 



4 4.5 5.0 5.5 6 

V cc , SUPPLY VOLTAGE (V) 


Fig. 19 -TRANSFER MODE CURRENT 



Fig. 20 - TRANSFER MODE CURRENT 
vs SUPPLY VOLTAGE 



Fig. 21 - RAM STANDBY/SAM ACTIVE CURRENT 
vs CYCLE RATE 



5 10 15 20 25 30 

!/t sc , CYCLE RATE (MHz) 


Fig. 22 - RAM STANDBY/SAM ACTIVE CURRENT 
vs SUPPLY VOLTAGE 



Fig. 23- RAM STANDBY/SAM ACTIVE CURRENT 
vs AMBIENT TEMPERATURE 


§ _ 
< < 

p 

< DC 
I- DC 

5 ° 

< 

DC 

00 

u 





m — 

tg C = 40 n S 



- 


V 

CC - 5 

,5V 





— " — 






















.1 





-20 


20 40 60 80 100 


T a , AMBIENT TEMPERATURE (°C) 
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Fig. 24 -ADDRESS AND DATA (DQ AND SD) 
INPUT VOLTAGE vs SUPPLY VOLTAGE 



Fig. 25 - ADDRESS AND DATA (DQ AND SD) 
INPUT VOLTAGE vs SUPPLY VOLTAGE 

3.0 r 


o o d 
3 < 

< y~ 


‘ h d • 

; □ I 









V| H 

Min.) 

Vqc = 

5.5V 






















Max ) 


= 4.5V' 



-V|L \ 


V CC “ 





i 

: 



-20 0 20 40 60 80 1 00 

T a , AMBIENT TEMPERATURE <°C) 


Fig. 26 - RAS, CAS, ME/WE, TR/OE, SE, SAS 
INPUT VOLTAGE vs SUPPLY VOLTAGE 



4 4.5 5.0 5.5 6 

V cc , SUPPLY VOLTAGE (V) 


Fig. 27 - RAS, CAS, ME/WE, TR/OE, SE, SAS INPUT 
VOLTAGE vs AMBIENT TEMPERATURE 

3.o r 


|W CO 
< < 
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jlo 
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w 

Min.) 

< 

o 

o 

« J 




“V|H 

r ry 










V| L ( 

Max.) 

v cc 

= 4.5V' 









-20 0 20 40 60 80 100 

T a> AMBIENT TEMPERATURE (°C) 


Fig. 28 - ACCESS TIME (RAM) 
vs LOAD CAPACITANCE 



Fig. 29 - ACCESS TIME (SAM) 
vs LOAD CAPACITANCE 
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Fig. 30 - DQ OUTPUT CURRENT 
vs DQ OUTPUT VOLTAGE 


< 

E 

£ 200 
UJ 

DC 

DC 

8 150 

D 

H 100 

D 

O 

a 

Q 50 


o 

0 

0 1 2 3 4 5 

V OL , DQ OUTPUT VOLTAGE (V) 



Fig. 31 - SD OUTPUT CURRENT 
vs SD OUTPUT VOLTAGE 


< 

E 

£ 200 
UJ 
DC 
DC 

3 ISO 

I- 

H 100 
D 
O 
Q 

w 50 

_o 

0 

V OL , SD OUTPUT VOLTAGE (V) 


T a = 

25° C 











V CC 

= 5.5V 

- 

A 


— i 

cc = 4J 

5V 

7 


_ J 



0 12' 

J * 

X 5 


Fig. 32 - DQ OUTPUT CURRENT 
vs DQ OUTPUT VOLTAGE 


t a = 

0 

25° C 





s. 




\ 


SyVcc 

= 5.5V 


V ( 

CC = 4 -5 


\ 








0 1 2 3 4 5 

V OH , DQ OUTPUT VOLTAGE (V) 


Fig. 33 -SD OUTPUT CURRENT 
vs SD OUTPUT VOLTAGE 
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V OH , SD OUTPUT VOLTAGE (V) 
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24-LEAD PLASTIC ZIGZAG-IN-LINE PACJAGE 
(CASE No.: ZIP-24P-M02) 



© 1987 FUJITSU LIMITED Z24002S-1C 


Dimensions in 
inches (millimeters) 








November 1990 
Edit bn 2.0 


DATA SHEET 


FUJITSU 


MB81C1501 

1 MBIT 3 PORT CMOS D YNAMIC FIELD MEMOR Y 


1, 175, 040 Bit 3 Port CMOS Dynamic Field Memory 

The Fujitsu MB81C1501 is a 293, 760-word x 4 bit (960 pixels x 306 lines) field memory. 
The MB81C1501 has a 3-port set-up (serial input: 1 port, serial output: 3 ports) allowing 
completely asynchronous and independent operation. 

This device supports both the FIFO image operation mode which requires no external 
address input, and memory mapping in 60 bits units. 

The MB81C1501 memory cell contains a dynamic refresh circuit. Refresh is performed 
during the routine read operation, eliminating the need for a special refresh cycle. 

When used, this device facilitates digital imagery processing for TV and VTR, which allows 
plotting of high resolution multi-functions. 

When two MB81C1501 units are used, (8 bit) field images compatible with both NTSC and 
PAL systems can be stored. 

The MB81C1501 features a three-dimensional stacked capacitor cell, which has 
exceptional tolerance to alpha ray soft error and uses CMOS processing technology and 
high performance CMOS circuitry in peripheral circuits for low power consumption and high 
speed. 


FEATURES 


• 3 port organization 

One-293,760 word x 4 bit (serial write port) 
Two-293,760 word x 4 bit (serial read port) 
for common memory cell array 
960 x 306 x 4 bit 

• Asynchronous input and output operation 

• NTSC and PAL compatible 

• Recursive mode: 

Automatic increment for vertical and 
horizontal address counter 

• Nonrecursive mode: 

Specifiable vertical address and hori- 
zontal address 


• Synchronous signal transfer capability 
between multiple chips. 

• Gate function for input clock on the 
write side using WE 

• Silicon gate 3-layer polysilicon CMOS, 
1 -transistor cell 

• Power: +5V±10% 

• Input and output are TTL compatible. 
Low input capacitance 

• 293,760 bit refresh cycle / 21 ms 

• Internal substrate bias generator 

• Standard 38-pin flat package 


Item 

Symbol 

C Min. 

Max. 

Unit 

Access time 

UaC 

- 

25 

ns 

Cycle time 

Read port 

^SCR 

30 

70 (Not* 9) 

ns 

Write port 

tscw 

50 

Eim 

ns 


ABSOLUTE MAXIMUM RATIN 

GS (see NO' 

TEA 

| :,.. v . v ...:...,., ......... ..... ... 

| Parameter 

Symbol 

Value 

DD 


VlN, VOUT 

-1 to + 7 

Kfl 

Voltage of VCC supply relative to VSS 

Vcc 

-1 to+ 7 

D 

Power Dissipation 

PD 

1.0 

m 

Short Circuit Output Current 

lOUT ' 

50 

m 

Storage Temperature 

Tstg 

-55 to + 125 

m 


Note : Permanent device damage may occur If the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



PIN ASSIGNMENT 

(TOP VIEW) 

TRo/ADDo 
TRi/ADD, 

TSM/ADD 2 
CKR, 

Doio 
Don 
D 012 
D 013 
OE, 

VCLRi 
INC, 

HCLR, 

WE 
VCLRo 
INCo 
HCLRo 
CKWo 
NC. 

Vcc 



30 □ 1 

29 □ I 

P 11 L---2S.3 I 

C.R..J 27 □ I 
C 13 Wr j t e 26 □ I 
E 14 PortO 25 □ I 
C 15 

E 16 I 23 □ I 
E.17...J 22 □ i 

C 18 21 □ I 

E 19 20 □ i 


This device contains circuitry to protect the inputs against dam- 
age due to high static voltages or electric fields. However, it is 
advised that normal precautions be taken to avoid application of 
any voltage higher than maximum rated voitages to this high im- 
pedance circuit. 


Copyright® 1990 by FUJITSU LIMITED 
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BLOCK DIAGRAM & PIN DESCRIPTION 



Symbol 

Port name 

IBS 

Symbol 

Port name 

Mot* 

RM 

Recursive mode enable 

Input 

VCLR, 

Port 1 , vertical clear signal 

Input 

APM 

Address preset mode enable 

Input 

HCLRi 

Port 1 , horizontal clear signal 

Input 

TSM 

Transfer synchronous mode enable 

Input 

INCi 

Port 1 , line increment signal 

Input 

TRo 

Write port 0, transfer synchronous signal 

I/O 

OEi 

Port t , output enable 

Input 

TRi 

Read port 1, transfer synchronous signal 

I/O 

DoiO tO Doi3 

Port 1 , data output 

Output 

TR2 

Read port 2, transfer synchronous signal 

I/O 

ckr 2 

Port 2, shift signal 

Input 

ADD 0 to ADD 3 

Address input 

Input 

VCLRa 

Port 2, vertical clear signal 

Input 

CKWo 

Port 0, shift signal 

Input 

hclr 2 

Port 2, horizontal clear signal 

Input 

VCLRo 

Port 0, vertical clear signal 

Input 

inc 2 

Port 2, line increment signal 

Input 

HCLRo 

Port 0, horizontal clear signal 

Input 

oe 2 

Port 2, output enable 

Input 

INCo 

Port 0, line increment signal 

Input 

Do20 tO Do23 

Port 2, data output 

Output 

WE 

Port 0, write enable 

Input 

Vcc 

Power (+5 V) 

— 

DlNO tO D|N3 

Port 0, data input 

Input 

Vss 

Power (0 V) 

— 

CKR, 

Port 1, shift signal 

Input 

NC. 

No connection 

- 
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EXPLANATION OF FUNCTIONS 


RM 

Depending on the state of this pin, the operation mode of the MB81C1501 splits into two paths: recursive mode when "H" and 

nonrecursive mode when “L". 

Recursive mode: This mode is used to access the 960 x 306 memory cell sequentially from 0 to 293,759. Initialization is 

performed by input to the VCLR 0 to 2 pin. When writing, serial data is input when “H” on VCLRo is latched to 
CKW 0 and is treated as 0 line 0 block data input. When reading, serial data is output as 0 line 0 block data after 
a 64 clock delay from when an “H” on VCLR, to 2 is latched to CKR, to 2 . 

Nonrecursive mode: This mode treats the 960 x 306 memory cell as 1 line and 16 blocks (60 bits). This mode controls lines with 
VCLRo to 2 and INC 0 to 2 , and controls blocks with HCLRq to 2 . The difference between the two modes is as 
follows: for write operations, serial data input when an "H" on HCLRo is latched to CKW 0 is treated as data for 
line 0 block 0 in nonrecursive mode. In read operations, serial data output, delayed 64 clocks from when an 
"H"on HCLR, to 2 is latched to CKR, to 2 , is output as data for line 0 block 0 from read port 1 and 2 respectively in 
nonrecursive mode. 


APM 

This pin is required for the mode in which block addresses are present in one line of the write port. The address preset mode is valid 
only when RM is “L" (nonrecursive mode). When HCLR 0 is latched to CKW 0 and this pin is "H”, one of the sixteen blocks is selected by 
the 4 bits of ADD 0 to 3 . The pin must be "L” when the address-preset mode is not used. Multi-function pins ( TRo/ADD 0 , TR,/ADD 1f 
TSM/ADD 2 , and TR^ADDa,) can be used in this case for TSM and TR 0 to 2 . 

TRo/ADDo, TRi/ADDi, TSM/ADD 2 , and TR 2 /ADD 3 

These pins act as block address preset pins in the nonrecursive mode (RM = “L”), and when APM is "H" (address preset mode). 
When APM is “L", the pins act as synchronous transfer mode pins. 

• In address preset mode, using 4-bit binary data fed to input pins ADD 0 to 3 , a horizontal line block (60 bits) of the write port can 
be selected from among sixteen blocks. 

• When TSM is "L" (master chip), a synchronizing signal for internal transfer timing with another MB81 Cl 501 is output from TRo 
to 2 . When TSM is “H” (slave chip), the synchronizing signal is received from the other device. 

• TRo is an input-output pin for synchronous write transfer of the write port.. 

• TR, is an input-output pin for synchronous read transfer of read port 1 . 

• TR 2 is an input-output pin for synchronous read transfer of read port 2. 

• When synchronous transfer mode is used, all of TRo, TRi , and TRa, must be connected between master chip and slave chip. 

• But when there are unused ports (for example, in case that read port isn’t used), slave side synchronous transfer signal input 
pins (for example, TR 2 ) of the ports must be set ”L” certainly. 


CKWo 

The rise timing of this pin generates the signal that latches data onto the shift register of the input pins D, N0 to 3 and the input of each 
internal address point control pin (VCLRq, HCLR 0 , INC 0 ). This signal is also the basic signal for activation control of the internal 
clock-synchronization logic circuit and of the dynamic RAM. Therefore, the clock must operate whether there is a write operation or 
not. 
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VCLRo 

This pin has different functions for recursive mode (when RM = "H”) and for nonrecursive mode (when RM * "L”). 

The number of VCLRo is not counted until "H” is latched to each CKW 0 after “L” is recognized. Even if "H” continues, it will only be 
counted once. 

In recursive mode: When the "H” on VCLRo is latched to CKW 0 , serial write data input is read as (0, 0). Input data of less than 

one block (60 bits) entered is disregarded. 

In nonrecursive mode: When the “H" on VCLR 0 is latched to CKW 0 , the shift register advances until the block (60 bits) during the 
current serial write operation is filled. Then the line is cleared. When VCLRo is input during serial write 
operations, after the input of 60 bits is completed, the serial write data is transferred to the memory cell of 
(v, h), and the subsequent data for serial write operation is transferred to the memory cell of (0, h+1). 

HCLRo 

When an "H" on this pin is latched to CKW 0 , the input data is read as data of (v, 0) data from the input data at that time. Data of less 
than one block (60 bits) entered up to that point is eliminated. But, input to this pin is invalid in recursive mode (when RM - "H"). 
The count number of HCLR 0 is not counted unless the "H” is latched to each CKW 0 after “L” is recognized. Even if “H” continues, it is 
only counted once. 

INCo 

A line is incremented for each time this pin’s "H" is latched to CKW 0 . There are two ways that the incremented line can be valid: first, 
when an “H” on HCLRo is latched, and second, when the shift register advances up to the end of a block after the “H” on VCLRo is 
latched. But, signals to this pin have no meaning in recursive mode (when RM * "H”). 

The count number of INC 0 is not counted unless the " H " is latched to each CKW 0 after "L” is recognized. Even if "H" continues, it is 
only counted once. 

When combined with VCLRo, the next 60 bits data is input into the (n, h+1 ) memory cell, n is the count number of INC 0 counted from 
the status that VCLRo is latched to CKW 0 until the current write in shift register is filled up to 60 bits. 

But, if INC 0 and VCLRo occur at the same time, INC 0 is invalid. 

When combined with HCLR 0 , the next 60 bits data is input into the (v+n, 0) memory cell, n is the count number of INC 0 counted from 
the status that HCLRo is latched to CKW 0 last time to the current latch status. 

But, if INC 0 and HCLR 0 occur at the same time, INC 0 is invalid. 

ckr 1>2 

At the rise timing of this pin the shift register of the read port operates, and the signals to output data to the output pins D 010 to 13 and 
Do2oto 23, and to latch the input of each internal address pointer control pins (VCLR, 2 , HCLR, 2 , INC, 2 ) are generated. 

vclr 1>2 

This terminal has different functions in the recursive mode (RM = "H”) and the nonrecursive mode (RM * “L”). 

The VCLR, 2 count number is not counted unless the "H" is latched to each CKR, 2 after "L” is recognized. Even if “H” continues, it is 
only counted once. 

In recursive mode: When the "H” on VCLR, 2 is latched to CKR, 2 , (0, 0) data is output with 64 clocks delay from that time. 

Meanwhile the shift register data (60 bits) in shift is output to its end, and the final output is saved. 

In nonrecursive mode: When the “H" on VCLR, 2 islatchedto CKR, 2 , the current serial read block is output, and after output of the 
next 60 bit block, the block which continues the cleared line begins to be output. Therefore, VCLR, 2 is 
latched and a line of the internal address counter is cleared. At this time, data for the next serial output (v, 
h+1) has already been transferred to the data register from the memory cell, and the data (0, h+2) is 
transferred with the data (v, h+1 ) is output, and next the (0, h+2) data is output. 
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HCLRi,2 

When the “H” of this pin is latched to CKR, 2 , the data (v, 0) is output with 64 clocks delay from that time. Meanwhile, shift register data 
in shift is output to its end and the last output is saved. When the RM pin is “H", signals to this pin have no meaning. 

The HCLR, 2 count number is not counted unless the "H” is latched to each CKR, 2 after "L” is recognized. Even if "H" continues, it is 
only counted once. 

INCi,2 

A line is incremented for each time this pin’s "H" is latched to CKR, 2 . There are two ways for the incremented line to be valid: first, 
when the "H" on HCLR, 2 is latched, and second, when the line address is latched at 56 clocks of the block after the “H" on VCLR, 2 is 
latched. But, signals to this pin have no meaning in recursive mode (when RM « “H"). 

The INC, 2 count number is not counted unless the "H" is latched to each CKR, 2 after “L" is recognized. Even if “H" continues, it is only 
counted once. 

When combined with VCLR, 2 , after the next data from the shift register should be output into the (n, h+2) memory cell, n is the count 
number of INC, 2 counted while VCLR, 2 is latched to each CKR, 2 before 55 clocks block. 

When INC, 2 and VCLR, 2 occurs at the same time, INC, 2 is invalid. 

When combined with HCLR, 2 , the shift register data is output from HCLR, 2 with 64 clocks delay into (v+n, 0) memory cell, n is count 
number of INC, 2 counted from when HCLR, 2 is latched to each CKR, 2 last time until HCLR, 2 is latched at this time. 

When INC, 2 and HCLR, 2 occur at the same time, INC, 2 is valid. 

DATA INPUT (Dino to 3 ) 

Information to the data input pin is accepted and input into the shift register on the rising edge timing of CKW 0 with WE is the N L” state. 
When WE is "H", input data is not accepted and the write shift register does not operate (gate function of write clock). 

Shift register input is executed immediately but after one block (60 bits) has been input into the memory cell, it is loaded into the data 
register, and is transferred from the data register to the memory cell until the shift register is fulled with new data. Thus, serial write 
data input delay serial write, is transferred to the memory cell with a one block delay. 

INPUT CONTROL (WE) 

WE excutes input control to D INO to 3 . When WE is “L", synchronous input to CKW 0 is enabled. When WE is ‘TT, input is not acceptable 
and the operation of the shift of the write shift register is stopped. This is used when data input is sparse (WE gate function of on the 
write side of the input cycle (CKW 0 )). 

DATA OUTPUT (DoiotOia, Do 2 ot 023 ) 

The output buffer employs a three state TTL level, output is enabled when OE, 2 is "L” and data is output synchronous with CKR, r 
Output goes to high impedance for “H”, the shift register operates synchronously with CKR, 2 and executes transfer between memory 
cell. and data register and loading between data register and shift register. 

Output from the shift register is always executed, data during output is data transferred to the shift register from a memory cell one 
block before the current output block. 

OUTPUT CONTROL (OEi, 2 ) 

OE, controls only the output pins D ol0 to , 3 . OE 2 controls only the output of pins D o20 to 23 and does not stop the operation of the read 
port shift register. When OE, 2 is “L”, D 010 to 13 and D O20 to 23 output is enabled, a synchronous with CKR, 2 . When OE, 2 is “H", the 
output is high impedance state, and a synchronous with CKR, 2 . 
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FUNCTION TABLE 

FUNCTION TABLE-1 <OPI 


’ Operation mode 

Recursive mode, 

transfer synchronous mode output 

Recursive mode, 

transfer synchronous mode input 

Nonrecursive mode, 

transfer synchronous mode output 

Nonrecursive mode, 
transfer synchronous mode input 


Nonrecursive mode, 
address preset mode 
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FUNCTION TABLE-2 <WRITE> 


Mode descrip&on 

H8 

Cydede6Cffpfe)n 

m 



IB 

■rai 

ADD** 

• Internal address pointer 


1 

Initial cycle 


mm 



■ 


(v. h) is cleared to (0. 0). 


2 

Normal cycle 


L 



I 

■ 

Cycles from (0. 0) to (305, 15). 


1 

Initial cycle 


mm 

mm 

L 


■ 

(v. h) is cleared to (0. 0). 


2 

Normal cycle 


L 

L 

L 

■ 

HH 

Stops at (v, 15). 


n 

First block cycle 


L 

n 

L 

I 



Nonrecursive 

mode 

4 

Line address cycle 


L 

H 

nH 

II 

II 

1 KKjbHHHHHH 



VCLRo special cycle No. 1 


mm 

L 

L 

1 


(v, h)v is cleared to (0, h+1 ). 


5 

VCLRo special cycle No. 2 


mm 

L 


m 

■ ■ 

(v, h)v is set to (v+n, h+1). 



VCLRo special cycle No. 3 

L 

H 

H 

nH 

■ 




1 

Initial cycle 

H 

H 

L 


Valid data 



2 

Normal cycle 


L 

L 

L 




Stops at (v. 15). 

Nonrecursive 

3 

First block cycle 


L 

n 

L 


Valid data 

(v, h)h is set to (v, ADD). 

address preset 
mode 

4 

Line address cycle 


L 

H 

nH 

H 

Valid data 

(v, h)v and h are set to 
(v+n. ADD). 



VCLRo special cycle No. 1 


n 

L 

L 


_ 

BBB8SSBI3BBW 


5 

VCLRo special cycle No. 2 


H 

L 

IBB 


_ 




VCLRo special cycle No. 3 


mm 

mm 



Valid data 

(v, h)v and h are set to (n, ADD). 


Note. 

1. (v, h)v : Line address (0 to 305) at control signal input 
(v, h)h : Block address (0 to 15) at control signal input 

2. Directly set the mode design signal (RM, APM) to "H" or “L”. 

3. H : "H" level is latched by CKW 0 . 

nH : "H" level is latched n times by CKW 0 . 

4. 60 bits of input data are read from VCLR 0 , in recursive mode. In nonrecursive mode, data read starts with the data latched 
by CKW simultaneously with HCLR 0 . If VCLR 0 and HCLR 0 are input before the full 60 bits of data is input, the data is invalid. 

5. When the APM signal is low, the TSM pin is invalid and both the read port and the write port enter the transfer synchronous 
mode. A tow on the TSM pin puts the MB81 Cl 501 into the master operation mode. In this mode the device outputs an 
internal transfer timing synchronization signal to the slave MB81C1501 . A high on the TSM pin puts the device into the 
slave mode: and it receives the synchronization signal from the master MB81C1501. 

6. Block address (ADD0 to 3) at address preset mode must be latched with CKWo and HCLRo at the same time. 
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FUNCTION TABLE-3 <READ> 


Mode descriptor* 


Cycle description 

w%. 



m m 


15EB1 

Internal address pointer 


1 

Initial cycle 


H 

■ ■ 

m 

■ 

■ ■ 

(v. h) is cleared to (0. 0). 

Recursive {node 

n 

Normal cycle 


L 




9HS 

Cycles from (0. 0) to (305, 15). 


i 

Initial cycle 

■ 

H 

H 

L 

■ 


(v. h) is cleared to (0. 0). 


n 

Normal cycle 


L 

L 

L 

■ 

SS '.‘ ; 

Stops at (v. 15). 


3 

First block cycle 

■ 

■■ 

H 

H 

I 

■ 

(v, h) h is cleared to 

(v,0). 

Nonrecursive 

mode 

4 

Line address cycle 

■ 

Hi 

H 

nH 

■ 

■ 

tSSfEm m 



VCLRi 2 special cycle 

No. 1 

| 

H 

wa 

Hi 

■ 

t 

Advances to (v, h) (v, h+1), 
and v is cleared to (0, h+2). 


5 

VCLRi a special cycle 

No. 2 

■ 

H 

Hi 

nH 

1 


Advances to (v, h) (v, h+1), 
and v is set to (n, h+2). 



VCLRi 2 special cycle 

No. 3 

■ 

H 

H 

nH 

■ 

■ 

ISKffinHHHHHI 


Note. 

♦1. H : "H" level is latched by CKR 12 . 

nH : “H" level is latched n times by CKR, 2 . 

*2. 60 bits of output data are output from VCLR^ 2 , in recursive mode, or from HCLR t> a in nonrecursive mode with a 

64-clock-cycle delay. 

*3. H VCLR, 2 or HCLR, 2 is input during output of a block, the data of the output block or the next block is protected in 60 bit 
units. Until the new data is output, the latest data is protected. 

*4. When the number of blocks (VCLR, 2 to VCLR, 2 , HCLR, 2 to HCLR, 2 ) is set to a multiple of 60 clock cycles, continuous data 

access is possible. 
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RECOMMENDED OPERATING CONDITIONS 


Parameter Note$ 

Symbol 

Min. ' 

Typ. 

Ma** 

Unit 

Supply voltage Q] 

■a 

■a 


5.5 

V 

Vss 

0 

0 

0 

V 

Operating temperature 

T. 

0 

- 

70 

1 


CAPACITANCE 


(T a -25»C) 


• Parameter • : • ; ■ 

Symbol 

mu 

Me* 

Unit 

Input capacitance 


- 

7 

pF 

Output capacitance (D 010 to D 023 ) 

C„ 

- 

7 

PF 

I/O capacitance (TRo to TR 2 ) 

D 

- 

10 

PF 


AC TEST CONDITIONS 
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DC CHARACTERISTICS 

(Under recommended operating conditions unless otherwise noted.) 


Notes 4 | 


If Parameter 

iNotei 

Conditions 





Operating current #1 

m 

tscwo - 70 ns, tso ^.2 « 70 ns 


- 

45 

mA 

Operating current #2 

0 

tscwo == nS » fscm .2 * 35 ns 

Icci 

- 

60 

mA 

Operating current #3 

0 

tgcwo = 50 ns, tsc R1 2 = 50 ns 

- 

60 

mA 

Operating current #4 

0 

tscwo * 50 ns, Wj- 30 ns 


- 

75 

mA 

Refresh current 

fFTI 

tscwo * 420 ns, tscR, 2 = 70 ns 

lcC2 

- 

20 

mA 

Input leakage current 


0 V < V IN < 5.5 V, VCC=5.5V, VSS=0V 

Iku 

-10 

10 

pA 



All other pins not under test is 0V 





Output leakage current 

output impedance, 0 V < V 0UT < 5.5 V 

b(U 

-10 

10 

pA 

Input High Voltage 

0 

all input pins 

v,„ 

2.4 

6.5 

V 

Input Low Voltage 

0 

all input pins 

v, L 

-2.0 

0.8 

V 

Output High Voltage 

0 

Iqh * -2 mA 

V 0H 

2.4 

- 

V 

Output Low Voltage 

0 

l OL * 4.2 mA 

Vql 

- 

0.4 

V 
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AC CHARACTERISTICS 


(Under recommended operating conditions unless otherwise noted.) 1 Notes 4. 5l 


Parameter 

Symbol 

Min. 

Maw. 

Unit • 

Notes 

Time Between Refresh 

t«EF 

- 

21 

ms 


CKR Cycle time 

tsCR 

30 

70 

ns 

*9 

Pulse width for CKW and CKR ( CKW, CKR Pulse width ) 

tcK 

8 

- 

ns 


Precharge time for CKW and CKR { CKW, CKR Precharge time ) 

tsp 

8 

- 

ns 


Access time from CKR 

tsAC 


25 

ns 

*6 

Data output hold time from CKR 

tsOH 

5 

- 

ns 

*6 

Access time from OE 

toEA 

- 

20 

ns 

*6 

OE data output hold time 

toEH 

5 

- 

ns 

*6 

Data output turn-off delay time from OE 

toEZ 

- 

J 20 

ns 

*6 

Active setup time for VCLR, HCLR, INC-CKR, and CKW 

tcKS 

5 

- 

ns 


Active hold time for VCLR, HCLR, INC-CKR, and CKW 

tcKH 

7 

- 

ns 


Inactive setup time for VCLR, HCLR, INC-CKR, and CKW 

tcKI 

5 

- 

ns 


Inactive hold time for VCLR, HCLR, INC-CKR, and CKW 

tcK2 

7 

- 

ns 


CKW Cycle time 

tscw 

50 

2 tsCR 

ns 

*10 

Setup time for D (N and CKW 

tos 

5 

- 

ns 


Hold time for Dm and CKW 

tDH 

7 

- 

ns 


Active setup time for WE and CKW 

twES 

5 

- 

ns 


Active hold time for WE and CKW 

twEH 

7 

- 

ns 


Inactive setup time for WE and CKW 

twEI 

5 

- 

ns 


Inactive hold time for WE and CKW 

twE2 

7 

- 

ns 


Setup time for ADD and CKW 

tAS 

to 

- 

ns 


Hold time for ADD and CKW 

t A H 

8 

- 

ns 


Access time for transfer synchronous output from CKW 

tTAC 

- 

25 

ns 

*7 

Number of transfer synchronous output pulses TR 0 

Itwop 

5 

5 



TR,, TR 2 

Itrop 

4 

4 



Tum-off delay time for transfer synchronous output from CKW 

trz 

- 

25 

ns 

*7 

Number of transfer synchronous output interval pulses 

tTOI 

1 

- 


*8 

Active setup time for TR 0 , TR,, and TR 2 -CKW 

Its 

15 

- 

ns 


Active hold time for TRo, TR 1( and TR 2 -CKW 

tTH 

7 

- 

ns 


Inactive setup time for TRo, TR,, and TR 2 -CKW 

tTSSI 

7 

- 

ns 


Inactive hold time for TRo, TRi, and TR r CKW 

tTSS2 

7 

- 

ns 


Number of transfer synchronous input pulses TRo 

tTWIP 

5 

5 



TR,, TR 2 

tTRIP 

4 

4 


*o 

Number of transfer synchronous input interval pulses 

tx.. 

1 

- 


*8 

Rise and fall time for input pulse 

tr 

3 

40 

ns 
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Notes : 

1. Referenced to V* 

2. Icc depends on cycle time and output load conditions. The specified values are obtained with the output open. 

3. WE - “H" : one read port active 

4. An initial pause of 200^s is required after power-up followed by dummy cycle before proper device operation For dummy 
cycle, a minimum of one VCLR is required in recursive mode, and VCLR and HCLR for non-recursive mode. 


5 

AC test conditions : 

Input pulse level 

: 0 V to 3 V 



Rise and fall time of input pulse 

: t T - 5 ns 



Standard voltage level for timing calibrations 

: Input V, H « 2.4 V 




V IL - 0.8 V 




Output Vo„ - 2.4 V 




Voc - 0.6 V 

6 

2 TTL + 30 pF load 



7 

40 pF load 



8 

Number of t^ pulses 




9 This parameter for a read port assures the refresh operation. When two read ports are used, one of them is controlled by 
this parameter, and the other one is not. 

10 The maximum cycle timq^lthe write port (t^) can be extended to twice the cycle time ( t ^ of the faster read port. For the 
refresh operation, when WE is H H” and one of the read ports is active, the write cycle time (tg^) can be extended to six times 
the read cycle timeftsc). When refresh power is minimal, the read cycle time (t**) is 70 ns and write cycle time (t^) is 420 
ns. 
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RECURSIVE MODE (WRITE}. 

1 ) INITIAL CYCLE ( WE = ”L M , HCLRo AND INCo ARE DISABLE ) 


CKW c 


I | 0 1 2 3 58 59 I 

0 1 2 3 58 59 k) 1 2 3 4 5 56 57 58 59 jo 1 2 3 a-1 a jo 1 2 3 4 5 6 

juinnn^ 


VCLRo 


I 


I 


960{ 60x16)xv + 60xh+a clocks 
( a = 0 to 59 ) 

I I 


I 


I 


D in 0 1 2 3 58 59 0 1 2 3 4 5 56 57 58 59 p 1 2 3 a-1 a 

DATA 


0123 58 59 j 

0 1 2 3 4 5 6 


DooooOcxixpoocxxDCxi)ooo(poocx^)oocxDoOoocpocxDocxix 


L — OlineO 
1 write 


I I 

block - 0 line 1 block v line h-1 — v line h block ■ 

write j write block write j write 

I I 


0 line 0 block 
write 


TRo. 


* 1 


Vn — 

I 0 line 0 block v line h-2 block I v line h-1 block write transfer 

j write transfer write transfer | 

I I 


0 line 0 block 
write 


J—L 


0 line 0 block write 
transfer 


NOTE 

1 ) In case that VCLRo is input at 960 xv + 60xh + a(a = 0to59) clock from the previous VCLRo clock, the input data at the 
same time with VCLRo is input from 0 block as the data of 0 line. 

2 ) Input data in write cyde of v line h block are invalid. 

*1 In case that TSM pin = "L", TRo is automatically output synchronously with CKWo. 

In case of synchronous transfer between two chips, TRo is automatically transfered between two chips. 
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CO 


NON-RECURSIVE MODE (WRITE) 

1 ) INITIAL CYCLE ( INCo a WE s "L" ) 




NOTE 

1 ) In case that HCLRo is input at the same time or after VCLRo at 60 x h + a (a=0 to 59) dock from the previous HCLRo clock, the input data 
concurrently with HCLRo is input from 0 line as the data of 0 line. However, it is necessary to input VCLRo between 60 x ( h-1 ) + 1 dock 
and 60 x h + a dock from toe previous HCLRo dock. 

2 ) Input data in write cycle of v line h block is invalid. 

* 1 In case that TSM pin = "L", TRo is automatically output synchronously with CKWo. 

In case of synchronous transfer between two chips, TRo is automatically transfered between two chips. 
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1 ) The Input data after v line 15 block write is invalid. And the device re-operates by HCLRo clock. 

2 ) In case that WE = "L", input data is invalid. 




98-e 


NON * RECURSIVE MODE (WRITE) 

3) FIRST BLOCK CYCLE ( VCLR* x INC* x Wf x "L" ) 



Din 

DATA 

0123 a 0 1 2 3 58 59 0 1 2 3 58 59 0 1 2 3 58 59 0 1 23 

XpOOO0OOOOCXDO(pOCXD©OO<p^^ 

1 1 1 1 1 1 


L— v line h -J*- v line 0 block 

1 block write write 

1 

1 

i i 

4* v line 1 block -—4*- 
1 write 1 

1 1 

1 1 

i i 

v line 2 block 4* v line 3 block — 4*- 

write 1 write 1 

1 1 

1 1 

— v line 4 block 
write 

TR o. 

!„ r“n 

1 1 

j n r*-i„ 

1 1 

.n, j . j 

hh-T-L. 


1 v line h-1 block write transfer 

1 

1 v line 0 block 1 

1 write transfer ! 

v line 1 block 1 v line 2 block ! 

write transfer 1 write transfer S 

v line 3 block 
write transfer 


NOTE 

1 ) In case that HCLRo is input at 60 x h + a ( a = 0 to 59 ) dock from the previous HCLRo dock, the data is input from input data at the same with 
HCLRo to 0 block as data of v line. 

2 ) Input data in write cycle of v line h block is invalid 
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NON* RECURSIVE MODE (WRITE) _ 

4) LINE ADDRESS CYCLE ( VCLRo = WE = "L" ) 


CKW, 



HCLRo _n 


0 1 2 3 58 59 i I 

0 1 2 3 58 59 0 1 2 3 56 57 58 59 0 1 2 3 a 0 1 2 3 58 59 0 1 

xixxxxxdcxIxxxiXxixixixixIxdcxixXxxxdOcxxiXdcxdOocxIxix 


•— v lir 


I 

line 0 block T v line 1 — v line h-1 

write i block write block write | h block 

write 


1 I 1 1 

+ v line T v+n line 0 block " "T v+n line 1 block — 4 * — 
k ku«i/ write vA/rito ■ 


v+n line 1 block 
write 


i 


TR 0. 






v line 0 block v line h-2 v line h-1 block write 

write transfer block write transfer 

« transfer I 


j v+n line 0 block j 
write transfer j 


NOTE 

1 ) In case that INCo is input n times while HCLRo is input at 60 x h + a ( a = 0 to 59 ) clock from the clock input previous HCLRo clock, the data 
is input from input data at the same time with HCLRo to 0 block as data of v+n line. 

2 ) The input INCo input after HCLRo clock is invalid. 
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NON * RECURSIVE MODE (WRITE) _ 

5) VCLRi SPECIAL CYCLE No. 1 ( HCLRos INC* s WE a "L” ) 


*0 1 2 3 58 59 {o 1 2 3 58 59 |o 12 3 58 59(0 1 2 3 58 59 )0 1 2 3 58 59 


from previous input HCLRo 

j 60x h +1 to 60 x (h+1) clocks j j 

0 1 2 3 58 59 0 1 2 3 58 59 0 1 2 3 58 59 0 1 2 3 58 59 0 1 2 3 58 59 

DCpOOOQOCXpOOOQOOCpOOOQOOCpOOOQOOCpOOOOOOt 

! I i i i 

v line h-1 block ■ v line h block wri to 0 line h+1 block 0 line h+2 block - ■ 0 line h+3 block 


I v line h -2 block I v line h-1 block j v line h block 

j write transfer I write transfer I write transfer 

I I I 


I 0 line h+1 block I 0 line h+2 block 
I write transfer I write transfer 

I I 


NOTE 

1 ) In case that VCLRo is input between 60 x h + 1 and 60 x (h + 1) dock from the previous HCLRo dock, after v line h block write, line 
address is reset only and written at h + 1 block as the data of 0 line continuously. 
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NON * RECURSIVE MODE (WRITE) 

5) VCLRi SPECIAL CYCLE No. 2 ( HCLRos WE = ”L” ) 



D 1N 0 1 2 3 58 59 0 1 2 3 58 59 0 1 2 3 58 59 0 1 2 3 58 59 0 1 2 3 58 59 

DATA oqoooOoocpooocxyotoooo^ 

i i j i i 

l*“V line h-1 block 4» - v line h block n line h+1 block 1 4* n line h+2 block - 4 - — n line h+3 block 

I write I write j write I write I write 



j v line h-2 block j v line h-1 block j v line h block j n line h+1 block j n line h+2 block 

j write transfer j write transfer | write transfer j write transfer j write transfer 


NOTE 

1 ) In case that INCo is input n times after VCLRo is input between 60 x h + 1 and 60 x ( h+1 ) dock from the previous HCLRo dock, line 
address is reset only after v line h block write and written at h + 1 block as data of 0 line. 

2 ) The input INCo at the same time with VCLRo clock is invalid. 



06-e 


CO 


NON- RECURSIVE MODE (WRITE) _ 

5) VCLRi SPECIAL CYCLE No. 3 ( WE = "L” ) 


0123 58 59 I 


CKW, 


0 1 2 3 58 59 0 1 2 3 a-2 a-1 a 0 1 2 3 58 59 0 1 2 3 58 59 

jijinniiJVinjiJinnAAJinn^ 



NOTE 

1 ) In case that HCLRo is input after INCo is input n times while VCLRo is input at60xh + a(a=1to59) dock from the previous 
HCLRo clock , the data is input at the same time with HCLRo from 0 block as data of 0 line. 

2 ) The input INCo at the same time or before VCLRoclock is invalid. And the input INCo at the same time or before HCLRo dock 
is valid. 

3 ) Input data in write cycle of v line h block is invalid. 
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RECURSIVE MODE (READ) _ 

1) INITIAL CYCLE ( HCLRi * INCi * OEi * N L N ) 


12 3 58 59 |0 1 2 3 4 5 6 58 59 to 1 2 3 4 58 59 


I » I 

r - ■■■■ 960 (60 x 16) x v + 60 x h + a clocks ■ 

1 . , ( a = 59) t 

64 CLOCKS DELAY -J | 

I I I I 


■0 1 2 3 4 59 j 

rn a 


1 2 3 4 5 


|- 64 CLOCKS DELAY 


0 line 0 block 
read transfer 


0 1 2 54 55 56 57 58 59 0 55 56 57 58 59 


ywwwv 

p- 0 line 0 1 


-j- v line v line h-1 block 

j h-2 block read 

I read j 


j 0 line 1 block v line h-1 j v line h block j 0 line 0 block 

j read transfer block read j read transfer j read transfer 

transfer j 


data holding for *r 0 line 

59 clocks 0 block 

! read 


j 0 line 1 block 
| read transfer 


NOTE 

1 ) In case that VCLRi is input at 960 xv + 60xh + a(a = 0to59) clock from the previous VCLRi clock, the last output data in v line h-1 
block is held during a ( a = 0 to 59 ) clocks . Then the data of 0 line is output from 0 block. 

( The data of 0 line 0 block is output 64 docks later after VCLRi. ) 

2 ) Transfer data of v line h block is invalid. 
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CO 


RECURSIVE MODE (READ) 

2) NORMAL CYCLE ( HCLRi = INCi = OEi = M L” ) 


CKR, 


jO 1 2 3 58 59 0 1 234567 58 59 0 1 2 3 4 5 58 59 0 1 2345678 

vclr, _m I ! 1 


h 64 CLOCKS DELAY 


^OUT 

DATA 


|- 64 CLOCKS DELAY ■ 

i i 

j 0 1 2 3 54 55 56 57 58 59 0 1 54 55 56 57 58 59 0 1 2 3 4 

YDOOOOOOOQCXXDOOOOCXDOpOOOOOOOOOOOOOOOOCX 


TR 


■ 960 (60 x 16) x 306 clocks ■ 

i 


H 


I 


7 1 


I 


! 

•- 0 line 0 block — 305 line 14 -* •— 


block read 

i 


305 line 15 block 
read 


0 line 0 block 
read 


0 line 0 block 
read transfer 


I 0 line 1 block 305 line 15 block I 0 line 0 block read 

I read transfer read transfer I transfer 


0 line 1 block read 
transfer 


NOTE 

1 ) In recursive mode, it is possible to read 306 line 16 block in sequence by clock input only. 
2 ) The data of 0 line is output from 0 block 64 clocks later after VCLRi clock 
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NON* RECURSIVE MODE (REAP) 

1) INITIAL CYCLE ( INCia OEi a "L" ) 



NOTE 

1 ) In case that HCLRi is input at60xh+a(a = 0to59) clock from the previous HCLRi clock at the same time or afterVCLRi dock, 
the last output data in v line h-1 block is held during a ( a = 0 to 59 ) docks. Then the data of 0 line is output from 0 block. 

( The data of 0 line 0 block is output 64 docks later after HCLRi. ) 

However, it is necessary to input VCLRi between 60 x ( h-1 ) + 1 and 60 x h + a clock from the previous VCLRi. 

2 ) Transfer cycle of 0 or v line h block is invalid. 


CO 
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CO 
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NON* RECURSIVE MODE (READ) __ 

3) FIRST BLOCK CYCLE ( HCLRi = INCi = OEi = "L” ) 


I 0 1 2 3 4 58 59 | | I 

>0 1 2 3 4 5 58 59 0 1 2 3 4 5 58 59 U 1 2 3 4 5 58 59 0 1 23 


60 x h + a docks ( a = 59 ) 
from previous input HCLRi 


I I 

}• 64 CLOCKS DELAY • 


D out 1 56 57 58 59 0 1 55 56 57 58 59 

DAT OOOCXDO^ 


v line h-2 block 
read 


I I > 

I I I 

0 1 54 55 56 57 58 59 0 1 54 55 56 57 58 59 


v line h-1 block — da* 3 holding during” 
read 59 clocks 


v line 0 block 
read 


v line 1 block 
read 


J v line h block read | v line 0 block read | v line 1 block read 

» transfer I transfer I transfer 


[ v line 0 block read 
I transfer 


NOTE 

1 ) In case that HCLRi is input at 60 x h + a ( a = 0 to 59 ) dock from the previous HCLRi dock, the last output data of v line h-1 
block is held during a ( a = 0 to 59 ) clocks. Then the data of v line is output from 0 block. 

( The data of v line 0 block is output 64 clock later after HCLRi. ) 

2 ) Read transfer cyde of v line h block is invalid. 
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CO 


NON- RECURSIVE MODE (READ) 

4) LINE ADDRESS CYCLE ( VCLRi = OEi = "L” ) 



NOTE 

1 ) In case that INCi is input n times before HCLRi is input at60xh + a(a = 0to59) clock from the previous HCLRi clock the last output 
data of v line h-1 block is held during a ( a = 0 to 59 ) clocks. Then the data of v+n line is output from 0 block. 

( The data of v+n line 0 block is output 64 clocks later after HCLRi. ) 

2 ) The input INCi after HCLRi clock is invalid. 

3 ) Read transfer cycle of v line h block is invalid. 
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NON ' RECURSIVE MODE (READ) _ 

5) VCLRi SPECIAL CYCLE No 1 ( INCi = OEi =”L" ) 



ckr, juuuijijinjiJiAJUifinjir^ 



i i i i 

\ I ■ , I |) I „ fl m 

f-HH-Pl 

j v line h block read j 0 line h+1 block read j 0 line h+2 block read | 0 line h+3 block read 

j transfer j transfer j transfer j transfer 


NOTE 

1 ) In case that VCLRi is input between 60 x h + 1 dock and 60 x ( h+1 ) dock from the previous HCLRi clock, line address is 
reset only after the data is output in v line h block. Then the data of 0 line is output continuously from h+1 block. 
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CO 


NON • RECURSIVE MODE (READ) __ 

5) VCLRi SPECIAL CYCLE No. 2 ( HCLRi = OEi = ”L” ) 



DATA 53 54 56 56 57 58 59 


04 OO OO 0 / DO oy U 04 OO i 


YDOC)pOOOO®OClOOOOO0OClPOOOO0OCiPOOOOOOOOOt 

' I 1 1 1 I 1 

— y— v line h-1 block y v line h block —y- 


v line h-2 block 
read 


n line h+1 block 
read 


— n lii 


line h+2 block 
read 


1 

1 


! „ r*-| 

! , r*i 

i m 

1 

1 

v line h block read 

1 n line h+1 block read 

1 n line h+2 block read 

1 n line h+3 block read 

1 

1 

1 

transfer 

I transfer 

1 

1 

| transfer 

1 

1 

I transfer 


NOTE 

1 ) In case that INCi is input n times after VCLRi is input between 60 x h + 1 dock and 60 x ( h + 1 ) dock from the previous HCLRi 
dock, line address is reset only after the data of v line h bock is output Then the data of n line is output continuously from h+1 
block. 

2 ) The input INCi at the same time with VCLRi dock is invalid 


MB81C1501 



NON- RECURSIVE MODE (READ) 

5) VCLRi SPECIAL CYCLE No. 3 ( OEi = ”L” ) 


•01234 


57 58 59 k) 1 2 3 4 58 59 to 1 2 3 4 57 58 59 p 1 2 3 4 5 6 7 8 9 


60 x h + 1 clocks to 60 x ( h+1 ) clocks 
from previous input HCLRi 

j i J 

INC- j-JT Jjl 

hclr, m 


64 CLOCKS DELAY 


DATA 53 54 55 56 57 58 59 0 54 55 56 57 58 59 


0 53 54 55 56 57 58 59 0 1 2 3 4 5 


v line h-2 block 
read 


*|* v lit 


v line h-1 block 
read 


data holding for 
59 docks 


n line 0 block 
read 


n line 1 block 
read 


v line h block read n line 0 block read n line 1 block read 

, transfer , transfer I transfer 


n line 2 block read 
transfer 


NOTE 

1 ) In case that INCi is input after INCo is input n times while VCLRi is input at 60 x h + a ( a = 1 to 59 ) clock from the previous HCLRi dock, 
the last output data in v line h-1 block is held during a ( a = 1 to 59 ) clocks. Then the data of n line is output from 0 block. 

( The data of n line 0 block is output 64 clocks later after HCLRi . ) 

2 ) The input INCi at the same time with VCLRi clock is invalid. And the input INCi at the same time or before HCLRi dock is valid. 

3 ) Transfer cycle of V line h block is invalid. 
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CO 


RECURSIVE MODE ( IN CASE OF NON-RECURSIVE MODE, VCLR = HCLR ) 
• ACCESS MODE TO NEWLY INPUT DATA 


CKW, 


!o 1 2 3 58 59 jo 1 2 3 58 59 jo 1 2 3 58 59 jo 1 2 3 4 5 6 7 58 59 !o 1 2 3 


VCLR o-JpL 

WE Hi 


i 


i 


-L 


I 


D 1N 0 1 2 3 58 59 0 1 2 3 58 59 0 1 2 3 58 59 0 1 2 3 4 5 6 7 58 59 0 1 2 3 

DA^0C)OOO0OOGXDOO0OCySXJOO0OOG>OOOOOOO0OO^OOOi 

r— 0 line 0 block — — 0 line 1 block — I — ■ 0 line 2 block —y 0 line 3 block write 

■ - write 1 


I 

I 

TRn ! 


j 0 line 0 block 
write transfer 


CKR, 

VCLR, 


0 line 1 block 
write trsnsfer 


j 0 line 2 block write transfer 

! i 


j I 0 1 2 3 58 59 0 1 2 3 4 5 6 7 58 59 0 1 23 

I l rM I I I I 

1 »l I 1 1 1 


oe, 


DATA. 


TR i. 


I 


I 


|0 1 2 3 54 55 56 57 58 59 

-oooo®oopoocx 

[• 0 line 0 block read *j 


0 line 0 block read | 0 line 1 block read transfer 

transfer j 


1 ) In order to get newly input data, it is necessary to get delay of VCLRi to VCLRo more than 1 20 clocks 
(The delay of read data to write data is more than 184 clocks. ) 
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RECURSIVE MODE ( IN CASE OF NON a RECURSIVE MODE, VCLR . HCLR ) 
• ACCESS MODE TO PREVIOUS DATA 


jo 1 2 3 58 59 Jo 1 2 3 4 5 6 7 58 59 jo 1 2 3 4 5 6 7 58 59 jo 1 2 3 4 5 6 

.jifuuuuv^ 


D in 0123 58 59 01234567 58 59 01234567 58 59 0123456 

data D&OOC&OOGxyDOOOOOCfaOG)^^ 


0 line 0 block — T 0 line 1 block write 

write ! 


0 line 2 block write 


j 0 line 0 block write transfer 


0 line 1 block write transfer 


0123 58 59 01234567 58 59 01234567 58 59 0123456 

*<R, jifumnjvuvmrinfiji^^ 



oo 
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APPLICATION EXAMPLE 


1. Delay line, field memory: In recursive mode 


Write 


Read 


VCLRo 

WE 

VCLRi 



• If the cycle times of CKW 0 and CKR, are the same, asynchronous operation is also possible. 

• If the cycle times of CKW 0 and CKR, are different, see application example 2, where read override may occur. 

• In nonrecursive mode, lines must be advanced for each line with combinations of INC and HCLR input. 

• 1 : When using 306 line/1 6 block/60 bits, the serial read operation is possible only through input of CKR1 and CKWO, even if 

VCLRI is not input. 
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2. Double-speed conversion: In recursive mode 



CKWo and CKRi serial input WE = “L", OEi = "L” 



• Read override 

When block data written with double-speed conversion is read, the phase delay of the read operation versus the write operation 
requires about three write blocks (1 84 clocks for CKW). 

• When two chips are used for the X8 configuration, if the two chips are operated independently, read override between the two 
chips may shift. Therefore, caution should be exercised. To synchronize read override between two chips, the synchronous 
transfer mode which sets one chip as a master chip and the other as a slave chip should be used. 
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4. Noise reduces between fields 



Block 



In the field memory (three ports) is used, stable output can be obtained, regardless of jitter from the write clock. In addition, the 
correlation between frames or lines can be calculated. 
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EXTERNAL DIMENSION 


38-LEAD PLASTIC FLAT PACKAGE 

(Case No. : FPT-38P-M0I) 



©1990 FUJITSU LIMITED F38U01S-2C 
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Quality and Reliability — At a Glance 
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Quality Control at Fujitsu 
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Quality Control Processes at Fujitsu 
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Quality and Reliability 


Dynamic RAM Data Book 
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Quality and Reliability 


Quality Control at Fujitsu 


Built-in Quality and Reliability 

Fujitsu’s integrated circuits work. The reason they work is 
Fujitsu’s single-minded approach to built-in quality and reliability, 
and its dedication to providing components and systems that 
meet exacting requirements allowing no room for failure. 

Fujitsu’s philosophy is to build quality and reliability into every 
step of the manufacturing process. Each design and process is 
scrutinized by individuals and teams of professionals dedicated 
to perfection. 

The quest for perfection does not end when the product leaves 
the Fujitsu factory. It extends to the customer’s factory as well, 
where integrated circuits are subsystems of the customer’s final 
product. Fujitsu emphasizes meticulous interaction between the 
individuals who design, manufacture, evaluate, sell, and use its 
products. 

Quality control for all Fujitsu products is an integrated process 
that crosses all lines of the manufacturing cycle. The quality 
control process begins with inspection of all incoming raw 
materials and ends with shipping and reliability tests following 
final test of the finished product. Prior to warehousing, Fujitsu 
products have been subjected to the scrutiny of man, machine, 
and technology, and are ready to serve the customer in the 
designated application. 
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Quality and Reliability 


Dynamic RAM Data Book 


Quality Control Processes at Fujitsu 


Process 


Inspection of Incoming Material 
Wafer Processing 


Check Items 

Inspection of Wafers, 

Masks, Packages, Piece 
Parts, Chemicals, Etc 
Wafer Surface inspection and 
Sample Tests of Thickness, 

Surface Resistance, Diffusion 
Depth, Electrical Parameters, and Doping 

Wafer Surface and Pattern Inspection 
Wafer Surface Inspection, 

Monitor Test of Film Thickness 

Wafer Surface Inspection, 
Monitor Test of Film Thickness 

Test of Electrical Characteristics, Stress Test 


Diffusion/Ion Implantation 
Photoetching 

Metallization 


Passivation (Insulating Layer Formation) 
Probing Test 

Wafer Shipping Inspection 
Dicing (CHIP Separation) 



Wafer Surface and Pattern 
Sampling Inspection 


Visual and Surface Inspection 
Sample Surface Inspection I 


CHIP Selection 

CHIP Shipping Inspection 


Assembly 
Die Bonding 


Wire Bonding 


Bond-Wetting and Surface Inspection, Monitor Test of F 

for Machine Calibration 

Bond-Position and Surface Inspection, Sample Wire Bond Strength Test, 
Monitor Test of Sample run for Machine Calibration 

Internal Visual Inspection 


Internal Sampling Visual Inspection 


Pre-Cap Visual 
Inspection 


Internal Merchant 
Inspection 


Continued on next page 
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Quality and Reliability 


Quality Control Processes at Fujitsu (Continued) 



Legend: 

Production Process 

Test/Inspection 

Production Process 
and Test/Inspection 

QC Gate (Sampling) 

Note: 

The flow sequence may vary slightly 
with individual product type. 


□ 

□ 
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Dynamic RAM Data Book 


Ordering Information 


IC Package Marking 



MB Identifies an IC designed and manufactured by Fujitsu with a Fujitsu-designated device number. 

MBM Identifies an IC designed and manufactured by Fujitsu with a device number, designated by the industry, that 

is the industry standard number. 

Note: Please contact your nearest Fujitsu sales office, representative, or distributor for exact part number/order information. 
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Ordering Information 


Dynamic RAM Data Book 


IC Package Marking and Ordering Information 

This ordering information is presented as a guide to Fujitsu’s package options. The codes shown here indicate the 
current selections available for IC packaging. Since device packages are subject to changes and updating, you should 
contact your closest Fujitsu Sales Office or Representative for the latest package information. 


Plastic Packages 

Description 

Type 

Fujitsu 

Ordering 

Code 1 * 2 * 3 

Dual In-line Package, 600 mil Wide 

DIP 

PorM 3 

Dual In-line Package, 300 mil Wide 

Skinny 

DIP 

P-SK or P 

Dual In-line Package, 400 mil Wide 

Slim DIP 

P-SL orP 

Dual In-line Package, 70 mil Lead Pitch 

Shrink 

DIP 

P-SH or P 

Flatpack, 0.5 mm Lead Pitch 

SSOP or 
SQFP 

PFV 

Leaded Chip Carrier 

PLCC 

PD or PV 

Pin Grid Array Package 

PGA 

PR 

Quad Flatpack 

QFP 

PFQ or PF 

Single In-line Package 

SIP 

PS 

Small Outline J-Leads 

SOJ 

PJ or PJN 

Small Outline Package 

SOP 

PF orPNF 

Thin Small Outline (with Normal Bend Leads) 
Package 

TSOP 

PFTN 

Thin Small Outline (with Reverse Bend Leads) 
Package 

TSOP 

PFTR 

Zig-zag In-line Package 

ZIP 

PSZ 


1 Package ordering code appears as a suffix to Fujitsu’s part number and speed designator (MBXXXXX-XXPKG). 
2 Package codes in the U.S.A do not use the e.g., PSK is the same as P-SK. 

3 M is used on bipolar devices only. 


Continued on next page 
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Ordering Information 


IC Package Marking and Ordering Information (Continued) 



Ceramic Packages 


Description 

Type 

Fujitsu 

Ordering 

Code 1 - 2 

Dual In-line Package with CERDIP 3 

CERDIP 

Z 


Dual In-line Package with Glass Frit Seal 


Dual In-line Package with Metal Seal 
(Side Brazed 4 ) 


Dual In-line Package, 400 mil Wide 


Dual In-line Package, 300 mil Wide 


Dual In-line Package, 1.778 mm Lead Pitch 


Flat Package with CERPACK 


Flat Package with Glass Frit Seal 


Flat Package with Metal Seal 


Leadless Chip Carrier with Glass Frit Seal 


Leadless Chip Carrier with Metal Seal 


Pin Grid Array 


Quad Flat J-lead Package with CERPACK 


Quad Flat, Gullwing Lead, Package with 
CERPACK 


Quad Flat, Gullwing Lead, Package with Metal 
Seal 


Small Outline, Gullwing Lead, Package with 
CERPACK 


Small Outline, Gullwing Lead, Package with Metal 
Seal 


Small Outline J-lead Package with Metal Seal 
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Sales Information 


Introduction to Fujitsu 


Fujitsu Limited (Japan) 

Fujitsu Limited was founded as a telecommunications equipment 
manufacturer in 1935, and today is not only one of Japan’s 
leading telecommunications companies, but also one of the 
world’s largest computer manufacturers. 

This leadership has resulted, at least in part, from the superb 
quality of the company’s semiconductors and electronic 
components. Manufactured by the company’s Electronics 
Devices Operations Group, these vital electronic devices also 
contribute to the high reliability and performance of products 
made by many other manufacturers around the world. 

Today, Fujitsu is one of the world’s top manufacturers of 
semiconductors and electronic components. In Japan, Fujitsu’s 
R&D laboratories for semiconductor and electronic components 
are situated in Kawasaki and Mie, and manufacturing works are 
located in Iwate, Aizu, Wakamatsu and Suzaka. Fujitsu also has 
six affiliated manufacturing works in the country. Overseas 
facilities in the U.S, Europe, and Asia also help to meet the 
growing global demand for Fujitsu semiconductors and electronic 
components. 

Fujitsu enforces strict quality control at all stages of production, 
from materials selection through manufacturing to final testing. 

As a result, Fujitsu’s electronic devices are known for their 
extremely high reliability and excellent cost-to-performance ratio. 

Fujitsu manufactures a full line of semiconductors and electronic 
components to meet the diverse applications of a wide variety of 
customers. Backed by Fujitsu’s extensive R&D commitment 
equal to over 10 percent of annual sales, Fujitsu’s electronic 
devices stay on the cutting edge of electronics technology. 


Continued on next page 
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Introduction to Fujitsu 

Fujitsu Microelectronics, Inc. (U.S.A.) 

Fujitsu Microelectronics, Inc. (FMI), with headquarters in San Jose, 
California, was established in 1 979 as a wholly-owned Fujitsu Limited 
subsidiary for the marketing, sales, and distribution of Fujitsu integrated 
circuit and component products. Since 1979, FMI has grown to three 
marketing divisions, two manufacturing divisions and a subsidiary. FMI 
offers a complete array of semiconductor products for its customers 
throughout North and South America. 

The Advanced Products Division (APD) is responsible for designing and 
selling a full line of SPARC processors and peripheral chips. APD also 
sells the EtherStar™ LAN controller that was designed by APD. It is the 
first VLSI device to integrate both StarLAN™ and Ethernet® protocols into 
one device. The core of APD’s EtherStar chip was the result of APD’s 
cooperative venture with Ungermann-Bass. 

The Microwave and Optoelectronics Division (MOD) markets GaAs FETs 
and FET power amplifiers, lightwave and microwave devices, optical 
devices, emitters, and SI transistors. 

The largest FMI marketing division is the Integrated Circuits Division (ICD) 
which markets the following standard devices, components, and ASICs. 

Memory Products DRAMs 

EPROMs 

EEPROMs 

NOVRAMs 

CMOS masked ROMs 
CMOS SRAMs 
BiCMOS SRAMs 
Bipolar PROMs 
ECL RAMs 

STRAMs (self-timed RAM) 

Hi-Rel PROMs and SRAMs 
Memory cards 
Memory modules 

Telecommunication Products PLLs 

Prescalers 
Piezoelectric devices 
CODECs 
VCOs 

Telephone ICs 
Modems 


Continued on next page 
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Microprocessor Products 4-bit microcontrollers 

DSPs 

Logic Products Ultra high-speed ECL/ECL 

TTL translator circuits 

Analog Products Linear ICs 

Transistors 

Thick- and Thin-film 
Custom modules 
Stepper motor drivers 

SCSI controllers 
Serial protocol controllers 
Video controllers (TV text, 

CRT, and picture-in-picture) 

ASIC Products CMOS gate arrays 

ECL gate arrays 
BiCMOS gate arrays 
GaAs gate arrays 
CMOS standard cells 

ASIC Gallery™ (SuperMacros™, Compiled Cells) 
ASICOpen™ CAD Software Framework (ViewCAD™, 
a design and verification tool that integrates with 
third-party CAD tools) 

Third-party EWS (engineering workstation) support 

Customer support and customer training for ASIC products are 
available through the following FMI design centers: 

San Jose Gresham 

Dallas Chicago 

Atlanta Boston 

FMI’s manufacturing divisions are in San Diego, California and 
Gresham, Oregon. The San Diego Manufacturing Division (SMD) 
assembles and tests memory devices. The Gresham Manufac- 
turing Division (GMD) began manufacturing in 1988.GMD 
fabricates wafers, and produces ASIC products and DRAM 
memories. This facility, when completed, will have one million 
square feet of manufacturing— the largest Fujitsu manufacturing 
plant outside Japan. 

FMI’s subsidiary, Fujitsu Component of America, markets 
connectors, keyboards, thermal printers, plasma displays, and 
relays. 

„„„ ~~ - Continued on next page 


Hybrid Products 

Special Purpose Controller 
Products 
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Fujitsu Electronic Devices Europe: 

Fujitsu Mikroelektronlk GmbH (FMG), West Germany 
Fujitsu Microelectronics Limited (FML) t U.K. 

Fujitsu Microelectronics Italia S.R.L (FMIL), Italy 
Fujitsu Microelectronics Ireland , Ltd. (FME), Ireland 

Fujitsu Mikroelektronik GmbH (FMG) was established in June 
1980 in Frankfurt, West Germany, as Fujitsu’s European 
headquarters and is a totally owned subsidiary of Fujitsu Limited, 

Tokyo. Fujitsu Microelectronics Limited (FML) is a sister 
company based in Maidenhead, England and dedicated to 
serving the U.K., Ireland, and Scandanavia. Fujitsu Microelec- 
tronics Italia (FMIL) is based in Milan, Italy and serves Italy, 

Spain, Portugal, and the rest of Southern Europe. Together, 

FMG, FML, and FMIL supply the European market with a full 
range of semiconductors and electronic components. Sales 
offices are located in Munich, Frankfurt, Stuttgart, Paris, 

Eindhoven, Milan, Maidenhead, and Stockholm. 

Fujitsu Microelectronics Ireland, Ltd. (FME) was established in 
1980, in Dublin, Ireland, as Fujitsu’s European Assembly Center 
for integrated circuits. FME produces DRAMs, EPROMs, and 
other LSI memory products. 

Fujitsu has two European VLSI design centers, both in the U.K. 

The Manchester Design Center, in operation since 1983, is 
equipped with two mainframe computers and is linked by satellite 
to production plants in Japan and the U.S. Staffed with a team of 
experienced engineers, the center is involved in the design of 
VLSI standard products, SuperjVlacros, CAD tools and ASICs. A 
second design center was set up in London in 1990 for designing 
telecommunication ICs. Additionally, Fujitsu offers a network of 
17 ASIC design centers in eight European countries. 

Fujitsu has further demonstrated its commitment to the European 
market by commencing construction of a full wafer fabrication 
plant in Durham in the North of England. The new plant is due to 
start production of 4 megabyte DRAMs and ASICs in 1991 . 

Continued on next page 


6-6 


Dynamic RAM Data Book 


Sales Information 


Introduction to Fujitsu 

The range of semiconductor products offered by FMG, FML, and 
FMILforthe European market includes: 

Memory Products DRAMs 

SRAMs 
EPROMs 
EEPROMs 
Mask ROMs 
Bipolar PROMs 
Video RAMs 
ECL RAMs 
Memory modules 
Memory cards 

ASIC Products CMOS gate arrays 

BiCMOS gate arrays 
Bipolar (ECL) gate arrays 
Gallium Arsenide gate arrays 
CMOS standard cells 
ECL gate masterslice devices 
Wide range of ASIC design software 

Microprocessor Products 4-Bit Microcontrollers 

4- 8- and 16-bit F 2 MC™ flexible Microcontrollers 

32-Bit SPARC™ RISC microprocessors 

32-Bit Gmicro™ TRON-based CISC microprocessors 

Telecommunication Products Prescalers 

PLLs 
CODECs 
LAN devices 
DSPs 

ISDN products 
SCSI and LAN devices 
ISDN products 

Telecom devices for the GSM 

Pan-European digital cellular telephone system. 

Analog Products OP Amps 

Comparators 

A/D and D/A Converters 

Application Specific ICs 

The range of electronic components offered by FMG, FML, and 
FMIL incudes relays, connectors, keyboards, thermal printers, 
plasma displays, liquid crystal displays, hybrid ICs, and 
piezoelectric devices. 


Continued on next page 
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Fujitsu Microelectronics Asia PTE Ltd. (Singapore) 

Fujitsu Microelectronics Asia PTE Ltd. (FMAP) opened in August 
1986, in Hong Kong, as a wholly-owned Fujitsu subsidiary for 
sales of electronic devices to the Asian, Australian, and 
Southwest Pacific markets. In 1990, FMAP moved to a new 
location in Singapore. 

FMAP offers memory, ASIC, microprocessor, and telecommuni- 
cation products along with Fujitsu’s wide range of electronic 
components. 


SPARC™ is a trademark of Sun Microsystems, Inc. 
Ethernet” is a registered trademark of Xerox Corporation. 
Ether Star™ is atrademark of Fujitsu Microelectronics, Inc. 
StarLAN™ is atrademark of AT&T. 

Gmcao™ is a trademark of Hitachi 
SuperMacro™ is a trademark of Fujitsu Microelectronics, Inc. 
ASICOpen™ is a trademark of Fujitsu Microelectronics, Inc. 
ViewCAD™ is a trademark of Fujitsu Microelectronics, Inc. 
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International Corporate Headquarters 

FUJITSU LIMITED 

Marunouchi Headquarters 
6-1, Marunouchi 1-chome 
Chiyoda-ku, Tokyo 100 
Japan 

Tel: (03) 216-3211 
Telex: 781-22833 
FAX: (03) 213-7174 

For integrated circuits marketing information please contact the following: 

Headquarters for Japan 

FUJITSU LIMITED 

Integrated Circuits and Semiconductor Marketing 
Furukawa Sogo Bldg. 

6-1 , Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100 
Japan 

Tel: (03)216-3211 
Telex: 781-2224361 
FAX: (03) 211-3987 

Headquarters for North and South America 

FUJITSU MICROELECTRONICS, INC. 

Integrated Circuits Division 
3545 North First Street 
San Jose, CA 95134-1804 
USA 

Tel: (408) 922-9000 
Telex: 910-338-0190 
FAX: (408)432-9044 

Headquarters for Europe 

FUJITSU MIKROELEKTRONIK GmbH 

Lyoner Strasse 44-48 
Arabella Centre 9. OG 
6000 Frankfurt 71 
Federal Republic of Germany 
Tel: (69) 66320 
Telex: 411963 
FAX: (69) 6632122 

Headquarters for Asia, Australia and Oceania 

FUJITSU MICROELECTRONICS ASIA PTE LIMITED 

06-04/-07 Plaza By The Park 

No. 51 Bras Basah Road 

Singapore 0718 

Tel: (65) 336-1600 

Telex: RS 55573 FESPL 

FAX: (65) 336-1609 
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Fujitsu Microelectronics, Inc. (FMI) Sales Offices for 
North and South America 


NORTHERN CAUFORNIA 

Fujitsu Microelectronics, Inc. 
10600 N. De Anza Blvd. 

Suite 225 

Cupertino, CA95014 
Tel: (408) 996-1600 
FAX: (408) 725-8746 

SOUTHERN CALIFORNIA 

Fujitsu Microelectronics, Inc. 

Century Centre 

2603 Main Street 

Suite 510 

Irvine, CA 9271 4 

Tel: (714) 724-6777 

FAX: (714) 724-6778 

COLORADO (Denver) 

Fujitsu Microelectronics, Inc. 
5445 DTC Parkway 
Suite 300 

Englewood, CO 80111 
Tel: (303) 740-8880 
FAX: (303) 740-6988 

GEORGIA (Atlanta) 

Fujitsu Microelectronics, Inc. 
3500 Parkway Lane 
Suite 210 

Norcross, GA 30092 
Tel: (404) 449-6539 
FAX: (404)441-2016 


ILLINOIS (Chicago) 

Fujitsu Microelectronics, Inc. 

One Pierce Place 
Suite 910 

Itasca, IL 601 43-2681 
Tel: (708) 250-6580 
FAX: (708) 250-6591 

MASSACHUSETTS (Boston) 

Fujitsu Microelectronics, Inc. 

75 Wells Avenue 
Suite 5 

Newton Center, MA 02159-3251 
Tel: (617) 964-7080 
FAX: (617)964-3301 

MINNESOTA (Minneapolis) 

Fujitsu Microelectronics, Inc. 

3460 Washington Drive 
Suite 209 

Eagan, MN 55122-1303 
Tel: (61 2) 454-0323 
FAX: (612)454-0601 

NEW JERSEY (Cherry Hill) 

Fujitsu Microelectronics, Inc. 
Horizon Corporate Center 
3000 Atrium Way 
Suite 100 

Mt. Laurel, NJ 08054 
Tel: (609) 727-9700 
FAX: (609) 727-9797 


NEW YORK (Long Island) 

Fujitsu Microelectronics, Inc. 

898 Veterans Memorial Highway 
Bldg. 2, Suite 31 0 
Hauppauge, NY 11788 
Tel: (516) 582-6700 
FAX: (516)582-3855 

OREGON (Portland) 

Fujitsu Microelectronics, Inc. 
15220 NW Greenbrier Pkwy. 
Suite 360 

Beaverton, OR 97006 
Tel: (503) 690-1909 
FAX: (503) 690-8074 

TEXAS (Dallas) 

Fujitsu Microelectronics, Inc. 
14785 Preston Road 
Suite 670 
Dallas, TX 75240 
Tel: (214) 233-9394 
FAX: (214)386-7917 
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FMI Representatives — USA 



For product information, contact your nearest Representative. 

Alabama 

Colorado 

Illinois 

CSR Electronics 

Talisman Assoc. 

Beta Technology 

303 Williams Avenue 

6860 S. Yosemite Court 

1009 Hawthorne Drive 

Suite 931 

Suite 2143 

Itasca, IL 60143 

Huntsville, AL 35801 

Englewood, CO 80112 

Tel: (708) 256-9586 

Tel: (205)533-2444 

Tel: (303) 773-2533 

FAX: (708)256-9592 

FAX: (205) 536-4031 

FAX: (303) 796-0545 

Indiana 

Arizona 

Connecticut 

Fred Dorsey & Associates 

Aztech Component Sales Inc. 

Conntech Sales, Inc. 

3518 Eden Place 

15230 N 75th Street 

605 Washington Avenue 

Carmel, IN 46032 

Suite 1031 

Suite 33 

Tel: (317)844-4842 

Scottsdale, AZ 85260 

New Haven, CT 06473 

FAX: (31 7) 844-4843 

Tel: (602) 991-6300 

Tel: (203) 234-0577 


FAX: (602) 991-0563 

FAX: (203) 234-0576 

Iowa 



Eiectromec Sales 

California 

Florida 

Executive Plaza 

Harvey King, Inc. 

Semtronic Associates, Inc. 

4403 First Avenue, S.E. 

6393 Nancy Ridge Drive 

657 Maitland Avenue 

Suite 302 

San Diego, CA 92121 

Altamonte Springs, FL 32701 

Cedar Rapids, IA 52402 

Tel: (619)587-9300 

Tel: (407)831-8233 

Tel: (319)393-1637 

FAX: (619)587-0507 

FAX: (407)831-2844 

FAX: (319)393-1752 

Infinity Sales, Inc. 

Semtronic Associates, Inc. 

Kansas 

4500 Campus Drive 

1467 S. Missouri Avenue 

Suite 300 

Clearwater, FL 33516 

Rothkopf & Associates, Inc. 

Newport Beach, CA 92660 

Tel: (813)461-4675 

1948 E. Santa Fe 

Tel: (714) 833-0300 

FAX: (813)442-2234 

Suite H 

FAX: (714)833-0303 

Semtronic Associates, Inc. 

Olathe, KS 66062 

Tel: (91 3) 829-8897 

Norcomp 

3471 NW 55th Street 

FAX: (913) 829-1664 

3350 Scott Blvd., 

Ft. Lauderdale, FL 33309 

Suite 24 

Santa Clara, CA 95054 

Tel: (305) 731-2484 

FAX: (305)731-1019 

Kentucky 

Tel: (408) 727-7707 

FAX: (408)986-1947 

Spectro-Com 

303 UHL Road 

Melbourne, KY 41059 

Georgia 

Norcomp 

CSR Electronics 

Tel: (606) 781-3904 

2140 Professional Drive 

1651 Mt. Vernon Road 

Suite 200 

Suite 200 

Maryland 

Roseville, CA 95661 

Tel: (404) 396-3720 

Tel: (916) 782-6070 

FAX: (916) 782-8073 

FAX: (404)394-8387 

Idaho 

Arbotek Associates 

1404 E. Joppa Road 
Towson, MD 21204 

Sonika Electronica of America 

Tel: (301)825-0775 

2240 Main Street 

Intermountain Technical Marketing 

FAX: (301)337-2781 

Suite 19 

1406 E. First Street 

Chula Vista, CA 92011 

Suite 101 

Massachusetts 

Tel: (619) 424-9190 

FAX: (619) 424-9191 

Meridan, ID 83642 

Tel: (208) 888-6071 

FAX: (208) 888 6074 

Mill-Bern Associates 

2 Mack Road 

Woburn, MA 01801 

Tel: (617)932-3311 

FAX: (617)932-0511 
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Michigan 

Greiner Associates, Inc. 

15324 E. Jefferson Avenue 
Suite 12 

Grosse Point Park, Ml 48230 
Tel: (313) 499-0188 
FAX: (313) 499-0665 

Minnesota 

Electromec Sales 
1601 E. Highway 13 
Suite 200 

Burnsville, MN 55337 
Tel: (612)894-8200 
FAX: (612)894-9352 

Missouri 

Rothkopf & Associates, Inc. 

8721 Manchester Road 
St. Louis, MO 63144 
Tel: (314) 961-4485 
FAX: (314) 961-4736 

New Jersey 

BGR Associates 
Evesham Commons 
525 Route 73 
Suite 100 
Marlton, NJ 08053 
Tel: (609)983-1020 
FAX: (609) 983-1879 

Technical Applications & Marketing 
91 Clinton Road 
Suite ID 

Fairfield, NJ 07006 
Tel: (201)575-4130 
FAX: (201)575-4563 

New York 

Quality Components 
3343 Harlem Road 
Buffalo, NY 14225 
Tel: (716) 837-5430 
FAX: (716)837-0662 


USA (Continued) 


Quality Components 
1 16 Fayette Street 
Manlius, NY 13104 
Tel: (315)682-8885 
FAX: (315)682-2277 

Quality Components 
2318 Titus Ave. 

Rochester, NY 14622 
Tel: (716) 342-7229 
FAX: (716) 342-7227 

North Carolina 

CSR Electronics 
8020 Crockett Court 
Mathews, NC 28226 
Tel: (704)847-7878 
FAX: (704)847-0056 

CSR Electronics 
5848 Farington Place 
Suite 2 

Raleigh, NC 27609 
Tel: (919) 878-9200 
FAX: (919 878-9117 

Oregon 

L-Squared Limited 
15234 NW Greenbrier Pkwy 
Beaverton, OR 97006 
Tel: (503)629-8555 
FAX: (503)645-6196 

Tennessee 

CSR Electronics 
3133 Curtis Lane 
Knoxville, TN 37918 
Tel: (61 5) 698-7511 
FAX: (6 15) 698-7932 

Texas 

Technical Marketing, Inc. 
3320 Wiley Post Road 
Carrollton, TX 75006 
Tel: (214)387-3601 
FAX: (214)387-3605 


Technical Marketing, Inc. 
2901 Wilcrest Drive 
Suite 139 

Houston, TX 77042 
Tel: (713) 783-4497 
FAX: (713)783-5307 

Technical Marketing, Inc. 
1315 Sam Bass Circle 
Suite B-3 

Round Rock, TX 78681 
Tel: (512)244-2291 
FAX: (512)338-1596 

Utah 

R-Squared Marketing 
340 W. 500 South 
Suite 105 

Salt Lake City, UT 84101 
Tel: (801) 595-0631 
FAX: (801) 595-0435 

Washington 

L-Squared Limited 
1 05 Central Way 
Suite 203 

Kirkland, WA 98033 
Tel: (206)827-8555 
FAX: (206)828-8102 

Wisconsin 
Beta Technology 
9401 W Beloit Street 
Suite 304C 
Milwaukee, Wl 53227 
Tel: (414)543-6609 
FAX: (414)543-9288 
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FMI Representatives — Canada, Mexico and Puerto Rico 


Canada 


Pipe-Thompson Limited 
5468 Dundas Street W. 
Suite 206 

Islington, Ontario M9B 6E3 
Tel: (416) 236-2355 
FAX: (416) 236-3387 

Pipe-Thompson Limited 
1 7 Brandy Creek Crescent 
Kandata, Ontario K2M 2B8 
Tel: (613) 591-1821 
FAX: (613) 591-0461 


Mexico 


Solano Electronica (Sonika) 
Ermita 1039-10 
Colonia Chapalita 
Guadalajara, JAL. 45042 
Tel: (52) 3647-4250 
FAX: (52) 3647-3433 

Solano Electronics, S.A. De C.V. 
Cienfuego #651 -A 
07300 Mexico City, D.F. 

FAX: (52) 5586-8443 


Puerto Rico 


Semtronic Associates 
Mercantil Plaza Building 
Suite 816 

Hato Rey, Puerto Rico 00918 
Tel: (809) 766-0700 
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Alabama 

Marshall Industries 
3313 S. Memorial Highway 
Suite 150 

Huntsville, AL 35801 
(205)881-9235 

Repton Electronics 
4950 Corporate Drive 
Suite 105C 
Huntsville, AL 35805 
(205)722-9565 

Arizona 

Insight Electronics 
1515 W. University Drive 
Suite 103 
Tempo, AZ 85281 
(602)829-1800 

Marshall Industries 
9830 S. 51 st Street 
Suite B1 21 
Phoenix, AZ 85044 
(602)496-0290 

California 
Bell Microproducts 
18350 Mt. Langley 
Suite 207 

Fountain Valley, CA 92708 
(714)963-0667 

Bell Microproducts 
550 Sycamore Drive 
Milpitas, CA 95035 
(408)434-1150 

Insight Electronics 
28035 Dorothy Drive 
Suite 2 

Agoura, CA 91301 
(818)707-2100 

Insight Electronics 
15635 Alton Parkway 
Suite 120 
Irvine, CA 92718 
(714) 727-2111 

Insight Electronics 
6885 Flanders Drive 
Suite C 

San Diego, CA 92126 
(619) 587-9757 

Marshall Industries 
9710 Desoto Ave. 
Chatsworth, CA 91311 
(818)407-4100 


Marshall Industries 
9320 Telstar Ave. 

El Monte, CA91731 
(818)307-6094 

Marshall Industries 
One Morgan 
Irvine, CA 92718 
(714)458-5308 

Marshall Industries 
336 Los Coches Street 
Milpitas, CA 95035 
(408)942-4600 

Marshall Industries 
3039 Kilgore Ave. 

Suite 140 

Rancho Cordova, CA 95670 
(916)635-9700 

Marshall Industries 
10105 Carroll Canyon Road 
San Diego, CA 92131 
(619)578-9600 

Merit Electronics 
2070 Ringwood Avenue 
San Jose, CA 95131 
(408)434-0800 

Micro Gensis, Inc. 

2880 Lakeside Drive 
Suite 101 

Santa Clara, CA 95054 
(408) 727-3050 

Milgray Electronics 
912Pancho Road 
Suite C 

Camarillo, CA 93010 
(805)484-4055 

Milgray Electronics 
16 Technology Drive 
Irvine, CA 92718 
(714) 753-1282 

Western Microtechnology 
28720 Roadside Dr. 

Suite 175 

Agoura Hills, CA 91301 
(818)356-0180 

Western Microtechnology 
1637 North Brian 
Orange, CA 92667 
(714)637-0200 

Western Microtechnology 
6837 Nancy Ridge Drive 
San Diego, CA 92121 
(619) 453-8430 


Western Microtechnology 
12900 Saratoga Ave. 
Saratoga, CA 95070 
(408)725-1660 

Colorado 

Marshall Industries 
12351 N. Grant Road 
Suite A 

Thornton, CO 80241 
(303)451-8383 

Connecticut 
Marshall Industries 
20 Sterling Drive 
Wallingford, CT 06492 
(203) 265-3822 

Milgray Electronics 
326 W. Main Street 
Milford, CT 06460 
(203)878-5538 

Florida 

Marshall Industries 
380 S. Northlake Blvd 
Suite 1024 

Altamonte Springs, FL 32701 
(407) 767-8585 

Marshall Industries 
2700 W, Cypress Creek Rd. 
Suite D 114 

Ft. Lauderdale, FL 33309 
(305)977-4880 

Marshall Industries 
2840 Sherer Drive 
St. Petersburg, FL 33716 
(813)573-1399 

Milgray Electronics 
1850 Lee Road 
Suite 104 

Winter Park, FL 32789 
(407)647-5747 

Reptron Electronics 
3320 N.W. 53rd Street 
Suite 206 

Ft. Lauderdale, FL 33309 
(305)736-1112 

Reptron Electronics 
14501 McCormick Drive 
Tampa, FL 33626 
(813) 855-4656 
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Georgia 

Marshall Industries 
5300 Oakbrook Pkwy 
Suite 140 

Norcross, GA 30093 
(404)923-5750 

Milgray Electronics 
3000 Northwoods Parkway 
Suite 270 

Norcross, GA 30071 
(404)446-9777 

Reptron Electronics 
3040 H Business Park Drive 
Norcross, GA 30071 
(404)446-1300 

Illinois 

Classic Components 
3336 Commercial Ave. 
Northbrook, IL 60062 

(312)272-9650 

Marshall Industries 
50 E. Commerce Dr. 

Suite I 

Schaumburg, IL 60173 
(312)490-0155 

Milgray Electronics 
1530 E. Dundee Road 
Suite 310 
Palatine, IL 60067 
(708) 202-1900 

Reptron Electronics 
1000 E. State Hwy 
Suite K 

Schaumburg, IL 60173 
(312)882-1700 

Indiana 

Marshall Industries 
6990 Corporate Drive 
Indianapolis, IN 46278 
(317) 297-0483 

Kansas 

Marshall Industries 
10413 W. 84th Terrace 
Lenexa, KS 66214 
(913)492-3121 

Milgray Electronics 
6400 Glenwood 
Suite 313 

Overland Park, KS 66202 
(913)236-6800 


Maryland 

Marshall Industries 
2221 Broadbirch 
Suite G 

Silver Springs, MD 20910 
(301)622-1118 

Milgray Electronics 
9801 Broken Land Parkway 
Columbia, MD 21045 
(301)995-6169 

Vantage Components, Inc. 
6925-R Oakland Mills Road 
Columbia, MD 21045 
(301)720-5100 

Massachusetts 

Bell Microproducts 
16 Upton Drive 
Wilmington, MA 01887 
(508)658-0222 

Interface Electronic Corp. 
228 South Street 
Hopkinton, MA 01748 
(508)435-6858 

Marshall Industries 
33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 

Milgray Electronics 
187 Ballardvale Street 
Wilmington, MA 01887 
(508) 657-5900 

Vantage Components, Inc. 
200 Bulfinch Drive 
Andover, MA 01810 
(508) 687-3900 

Western Microtechnology 
20 Blanchard Road 
9 Corporate Place 
Burlington, MA01803 
(617)273-2800 

Michigan 

Marshall Industries 
31067 Schoolcraft Road 
Livonia, Ml 48150 

(313)525-5850 

Reptron Electronics 
34403 Glendale 
Livonia, Ml 48150 
(313)525-2700 


Minnesota 

Marshall Industries 
3955 Annapolis Lane 
Plymouth, MN 55447 
(612) 559-2211 

Reptron Electronics 
5929 Baker Road 
Suite 360 

Minnetonka, MN 55345 
(612) 938—3995 

Missouri 

Marshall Industries 
3377 Hollenberg Drive 
Bridgeton, MO 63044 

(314)291-4650 

New Jersey 

Marshall Industries 
101 Fairfield Road 
Fairfield, NJ 07006 
(201)882-0320 

Marshall industries 
158 Gaither Drive 
Mt. Laurel, NJ 08054 
(609)234-9100 

Milgray Electronics 

3001 Greentree Exec. Campus 

Suite C 

Marlton, NJ 08053 
(609)983-5010 

Milgray Electronics 
1055 Parsippany Blvd. 
Parsippany, NJ 07054 
(201)335-1766 

Vantage Components, Inc. 

23 Sebago Street 
P.O. Box 2939 
Clifton, NJ 07013 
(201)777-4100 

Western Microtechnology, Inc. 
387 Passaic Avenue 
Fairfield, NJ 07006 
(201)882-4999 
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New York 

Marshall Industries 
275 Oser Avenue 
Hauppauge, NY 11788 
(516) 273-2424 

Marshall Industries 
1 29 Brown Street 
Johnson City, NY 13790 
(607)798-1611 

Marshall Industries 
1 250 Scottsville Road 
Rochester, NY 14624 
(716)235-7620 

Mast Distributors 
710-2 Union Parkway 
Ronkonkoma, NY 11779 
(516)471-4422 

Micro Genesis 
90-10 Colin Drive 
Holbrook, NY 11741 
(516)472-6000 

Milgray Electronics 
77 Schmitt Blvd. 
Farmingdale, NY 11735 
(516)420-9800 

Milgray Electronics 
11 70 Pittsford Victor Road 
Pittsford, NY 14534 
(716)381-9700 

Vantage Components, Inc. 
1056 West Jericho Turnpike 
Smithtown, NY 11787 
(516)543-2000 

North Carolina 

Marshall Industries 
5224 Greens Dairy Road 
Raleigh, NC 27604 
(919)878-9882 

Reptron Electronics 
5954-A Six Fork Road 
Raleigh, NC 27609 
(919)870-5189 

Ohio 

Marshall Industries 
3520 Park Center Drive 
Dayton, OH 45414 
(513)898-4480 

Marshall Industries 
30700 Bain Bridge Road 
Unit A 

Solon, OH 44139 
(216)248-1788 


USA (Continued) 


Milgray Electronics 
6155 Rockside Road 
Cleveland, OH 44131 
(216) 447-1520 

Reptron Electronics 
404 E. Wilson Bridge Road 
Suite A 

Worthington, OH 43085 
(614)436-6675 

Oklahoma 

Radio Inc. 

1000 South Main 
Tulsa, OK 74119 
(918) 587-9123 

Oregon 

Marshall Industries 
9705 S.W. Gemin Drive 
Beaverton, OR 97005 
(503)644-5050 

Western Microtechnology 
1800 N.W. 169th Place 
Suite B300 
Beaverton, OR 97006 
(503)629-2082 

Pennsylvania 

Interface Electronic Corp. 

7 Great Valley Parkway 
Malvern, PA 19355 
(215)889-2060 

Marshall Industries 
401 Parkway View Dr. 
Pittsburg, PA 15205 
(412) 788-0441 

Texas 

Insight Electronics, Inc. 
1778 Plano Road 
Suite 320 

Richardson, TX 75081 
(214) 783-0800 

Marshall Industries 
8504 Cross Park Drive 
Austin, TX 78754 
(512) 837-1991 

Marshall Industries 
2045 Chenault 
Carrollton, TX 75006 
(214) 233-5200 


Marshall Industries 
1 200 Barranca 
Bldg. 5, Suite A 
El Paso, TX 79935 
(915)593-0706 

Marshall Industries 
2635 South Highway 77 
Harlingen, TX 78550 
(512)421-4621 

Marshall Industries 
7250 Langtry 
Houston, TX 77040 
(713) 895-9200 

Milgray Electronics 
16610 N. Dallas Pkwy 
Suite 1 300 
Dallas, TX 75248 
(214)248-1603 

Western Microtechnology, Inc. 
2545 Tarpley Road 
Suite 151 
Dallas, TX 75006 
(214)416-0103 

Western Microtechnology, Inc. 
2500 Wilcrest, 3rd Floor 
Houston, TX 77042 
(713)954-4850 

Utah 

Marshall Industries 
466 Lawndale Drive 
Suite C 

Salt Lake City, UT84115 
(801)485-1551 

Milgray Electronics 
4190 S. Highland Drive 
Suite 102 

Salt Lake City, UT 84 124 
(801)272-4999 

Washington 

Insight Electronics, Inc. 

12002 1 15th Avenue, NE 
Kirkland, WA 98034 
(206)820-8100 

Marshall Industries 
1 1 71 5 N. Creek Parkway 
Suite 112 
Bothwell, WA 9801 
(206)486-5747 
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Wisconsin 

Marshall Industries 

Classic Components 

15359 NE 90th Street 

2925 S. 160th Street 

Redmond, WA 98052 

New Berlin, Wl 53151 

(206)869-7557 

(414) 786-5300 

Western Microtechnology 

Marsh Electronics 

14636 N.E. 95th Street 

1563 S. 101st Street 

Redmond, WA 98052 

Milwaukee, Wl 53214 

(206)881-6737 

(414)475-6000 


Marshall Industries 
20900 Swenson Drive 
Suite 150 

Waukesha, Wl 53186 
(414) 797-8400 
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British Columbia 

ITT Industries 
3455 Gardner Court 
Burnaby, B.C.V5G4J7 
(604)291-6866 

Active Components 
1695 Boundry Road 
Vancouver, BC. V5K 4X7 
(604)294-1166 

Ontario 

ITT Industries 

300 North Rivermede Road 
Concord, ONL4K2Z4 
(416)736-1114 


Canada 


Marshall Industries 
4 Paget Road 
Units 10 & 11 
Bramton, ONL6T5G3 
(416)458-8046 

Milgray Electronics 
150 Consumers Road 
Suite 502 

Willowdale, ON M2J 4R4 
(416)756-4481 


Quebec 

Marshall Industries 
148 Brunswick Blvd. 

Pointe Claire, QU H9R 5P9 
(514)683-9440 

Active Components 
237 Hymus Blvd. 

Point Claire, QU H9R 5CF 
(514)694-7710 
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Fujitsu Mikroelektronik, GmbH 

Europalaan 26A 

5623 LJ Eindhoven 

The Netherlands 

Tel: (40) 447440 

Telex: 59265 

FAX: (40) 444158 

FMG - France 

Fujitsu Mikroelektronik GmbH 
Immeuble le Trident 
3-5, voie F6lix Eboud 
94024 Creteil Cedex 
Tel: (1) 42078200 
Telex: 262861 
FAX: (1) 42077933 

FMG - Germany (Central) 

Fujitsu Mikroelektronik GmbH 
Lyoner Strasse 44-48 
Arabella Center 9. OG 
6000 Frankfurt 71 
Tel: (69) 66320 
Telex: 411963 
FAX: (69) 6632122 


FMG - Germany (Southwest) 

Fujitsu Mikroelektronik GmbH 
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Tel: (7032) 4085 
Telex: 7265485 
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FMG - Germany (South) 

Fujitsu Mikroelektronik GmbH 

Carl-Zeiss-Ring 11 
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Tel: (89) 9609440 

Telex: (17) 897446 

FAX: (89) 96094422 

FMIL - Italy 

Fujitsu Microelectronics Italia S.R.L. 
Centro Direzionale Milanofiori 
Strada 4 - Palazzo A/2 
20094 Assago (Milano) 

Tel: (2)8246170/176 
Telex: 318546 
FAX: (2) 8246189 


FML - Scandinavia 

Fujitsu Microelectronics Ltd. 
Torggatan 8 
1 71 54 Solna 
Sweden 

Tel: (8) 7646365 
Telex: 13411 
FAX: (8) 280345 

FML - United Kingdom 

Fujitsu Microelectronics Ltd. 

Hargrave House 

Belmont Road 

Maidenhead 

Berkshire SL6 6NE 

England 

Tel: (628) 76100 

Telex: 848955 

FAX: (628) 781484 


•Fujitsu Mikroelektronik, GmbH (FMG) 
Fujitsu Microelectronics, Ltd. (FML) 
Fujitsu Microelectronic Italia S.R.L. (FMIL) 
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Austria 

Eljapex Handelsges mbH 

Eitnergasse 6 

1232 Wien 

Tel: (222) 861531 

Telex: 133128 

FAX: (222) 863211 

MHV/EBV Elektronik 
Oiefenbachgasse 35/6 
11 50 Wien 
Tel: (222) 838519 
Telex: 134946 
FAX: (222) 8941774 


Microram (Groupe SCAIB) 
6, rue le Corbusier 
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94583 Rungis Cedex 
Tel: (1)46868170 
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FAX: (1)45605549 
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Eljapex GmbH 
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Tel: (7751) 2035 
Telex: (7751) 6603 
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MHV/EBV Elektronik 
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Tel: (2) 7209936 
Telex: 62590 
FAX: (2) 7208152 
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Nordisk Elektronik AS* 
Transformervej 1 7 
2730 Herlev 
Tel: (42) 842000 
Telex: 35200 
FAX: (44)921552 

Finland 

Aspecs OY 
P.O. Box 75 
01601 Vantaa 
Tel: (0)5668686 
FAX: (0)5666051 

France 

F2S (Groupe ASAP) 
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78180 Montigny le Bretonneux 
Tel: (1) 30438233 
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FAX: (1) 30570719 

Elbatex 

4 bis Burospace 
91571 Bievres Cedex 
Tel: (1)69412800 
FAX: (1)69412846 


Micro Halbleiter GmbH* 
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Malpassi S.R.L. 
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APPLICATION NOTE 


FUJITSU 


Dynamic RAMs 


Various Features 
of 

Fujitsu DRAMs 


Applications Engineering Department 
Fujitsu Microelectronics, Inc. 
Integrated Circuits Division 


Abstract 

DRAMs are not only becoming denser, but also increasingly varied in scope. This note comprehensively 
describes the assorted features and various refresh modes available in Fujitsu DRAMs. Also discussed are 
standard memory board design tips and a 32-bit microprocessor application. 
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Introduction 

DRAMs are almost as old as the first microprocessor-based computers, yet new features are continually 
being introduced to DRAM technology. This publication consolidates and explains many of the various 
features found on present day DRAMs. Although all these features are not found on a single DRAM, they 
are available in Fujitsu's extensive DRAM family. 

DRAM Features 

Fast Page Mode 

Fast page mode (also known as ripple mode) is a unique mode designed to decrease power consumption 
and access times between memory read or write cycles. Quick access to different columns in the same row 
is accomplished by keeping the Row Address Strobe (RAS) low throughout the operation. Then a new 
column address is applied and the Column Address Strobe (CAS) is brought low and valid data is either 
read from or written to the memory cell depending upon the value of the Write Enable (WE). CAS is then 
brought high and a new address is applied. CAS is again brought low to latch the address. A timing 
diagram for the CMOS 1-megabit DRAM (MB81C1000) is shown in Figure 1. 

Nibble Mode 

Nibble mode allows high-speed reading and writing of data. An example of 1-megabit DRAM address 
generation using nibble mode is shown in Table 1 where the starting address is 0. The procedure 
represented by this table is to access a memory cell, in either the normal read or write manner, then to 
toggle CAS, which enables an internal address generator that automatically sets row address (RA) 9 to 
high (1) yet leaves all other bits unchanged. By toggling CAS once more the internal address generator 
causes RA9 to go to low (0) and column address (CA) 9 to go to high (1). Another toggle of CAS causes 
RA9 to go to high (1) and CA9 to remain high (1). One last toggle of CAS causes RA9 and CA9 to return to 
their original state and the entire process repeats. 
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There are two advantages to using this method of internal address generation. The first advantage is that 
read/write cycle times are reduced to 50 ns (for Fujitsu's MB81C1001-80, a 1,048,576 x 1 bit Nibble Mode 
DRAM), which is faster than comparable DRAM cycle times by at least a factor of three. The second 
advantage is that the system chip count is reduced since there is no longer a need for external glue logic. 
One practical implementation of nibble mode is accomplished by grounding A9, thereby making RA9 and 
CA9 the least significant bits (LSBs) in an address. Once A9 is grounded, sequential memory accesses can 
be made simply by toggling CAS. 



tCP 

- 15 ns 

min. 

tCAS - 

30 ns min. 

tRCD 

- 20 ns 

min. 

tRAS . 

100 ns min. 

tCSH 

- 100 ns 

mia 

tON 

5 ns min. 

1RAC 

- 100 ns 

max. 

tAA 

50 ns max. 


Figure 1. Fast Page Mode Read Cycle 


Table 1. Address Generation Using Nibble Mode 


Sequence 

Bit 

Accessed 


RA8 

RA7 

RA6 

RA5 

RA4 

RA3 

RA2 

RA1 

RAO 


CAS 

CA7 

CAS 

CA5 

CA4 

CA3 

CA2 

CA1 

CA0 

Normal 

CAS 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

CAS 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

CAS 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

CAS 

4 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Normal 

CAS 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Static Column Mode 

A Static Column DRAM (SCRAM) offers a significant speed advantage. Sequential accesses are made in 
nearly 50 percent of the time it takes to make random accesses. A typical read/ write cycle can be done in 
55 ns (Fujtsu's MB81C1002-10, a 1,048,576 x 1 bit Static Column DRAM). This is the closest a DRAM comes 
to being operated as a less complex, fast SRAM. The procedure followed by a SCRAM is to apply a row 
address, latch it by dropping the RAS, then apply a column address and latch it by dropping the CAS. To 
access more column addresses there is no need to strobe a column address anymore. Instead, the new 
column address is applied at any time and new data becomes available after a short delay time (tAA). To 
access any random column, apply the column address and the data appears after a short delay time. A 
comparison of static column mode versus fast page mode reveals that random column addresses for fast 
page mode are latched by dropping the CAS, while column addresses for the static column mode are 
randomly applied while the CAS is low. See Figure 2 for a timing diagram. 
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Figure 2. Typical Static Mode Read Cycle 
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Comparison of DRAMs 

Table 2 lists the specifications of the various DRAM features. 


Table 2. Comparison of DRAMs 


Type of DRAM 

Mode 

Access Time (ns) 

Cycle Time (ns) 

Type of Access 

Total Accessible Bits 

Fast page mode (-80) 

tcac = 25 ns 

tpc = 55 ns 

Random columns 

1024 

Nibble mode (-80) 

tcac = 25 ns 

toe = 50 ns 

Sequential columns 

4 

Static column mode (-80) 

tAA = 50 ns 

tec = 55 ns 

Random columns 

1024 


Internal DRAM Operation 

To the average user, DRAMs are thought of as a simple storage device. However, DRAMs consist not only 
of storage capacitors but also internal decoders, sense amplifiers, buffers and address transition detectors 
(ATD). The following paragraphs will discuss DRAM inner circuitry in more detail. 

Multiplexed Addressing 

Present day DRAMs have exactly half the number of actual address pins needed to address all the words 
in the DRAM. Gever use of multiplexed address pins makes it possible to address 1 megabit of words 
with only 10 actual addresses in the pin assignment. This is accomplished by latching RAO through RA9 
(the row address) on the fall of the RAS and then applying new addresses to CAO through CA9 (the 
column address) and latching them on the fall of the CAS, thereby accessing 1 megabit of words by 
applying only 10 address lines at one time. This approach allows for more compact packages. 

Word Line versus Bit Line 

Even though a 1-megabit DRAM is physically arranged as 1024 rows and 1024 columns, for refresh 
purposes the operation is that of 512 rows and 2048 columns. This effectively halves the number of refresh 
cycles needed from 1024 to 512 thereby decreasing the amount of time the system wastes in refreshing. 

A schematic of a single cell is given in Figure 3. Access to each cell in the DRAM is accomplished by 
connecting to one of 512 row lines (referred to as word lines), and to one of 2048 column lines (referred to 
as bit lines). The input row address is applied to a row decoder which selects one of the 512 rows. The 
input column address is applied to a column decoder which selects one of the 2048 columns. By this 
method one of the 1,048,576 storage cells is singled out. 
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Sense Amplifiers 

Sense amplifiers are necessary to correctly read the stored value in each cell storage capacitor. Since each 
cell capacitance has a value in the femtofarad (10~ 15 farads) range, while the interconnecting lines have 
capacitance values in the picofarad (10~ 12 farads) range, it is not difficult to understand why the stored 
voltage can be corrupted by noise during transfer to the output buffers. This obstacle is overcome by 
comparing the stored or unstored charge to a known charge in a "dummy cell." Once the comparison is 
completed the output is amplified by the sense amplifiers resulting in better noise immunity. 

Memory Board Design Rules of Thumb 

Decoupling and Isolation Capacitors 

An inherent system-level problem in DRAM designs is transient noise resulting from switching internal 
currents during refresh cycles. During refresh, DRAMs can require peak currents in the 50- to 100-mA 
range. Most of the instantaneous current demand is supplied by the decoupling capacitor. In addition to 
supplying instantaneous current, the capacitor must also meet the following requirements: 

• Low inductance and low effective series resistance to minimize the voltage drop across the 
device. (These parameters are a function of the capacitor type.) 

• A capacity to absorb the voltage bumps that occur due to fast edge rates during DRAM access. 

Ceramic capacitors have been found to best meet the above requirements. Using a 0.22 |iF decoupling 
capacitor for each DRAM in a 1 -megabit application yields the following acceptable voltage undershoot 
for a 250 ns cycle: 

Vunder = (I * t)/C = (100 rtiA * 250 ns)/0.22 \xF = 114 mV 

Another necessary capacitor needed on a DRAM memory board is the isolation capacitor for the incoming 
main power bus. Since wiring from the power supply to the memory card can have significant resistance 
and inductance, which results in power supply ripple and noise, it is recommended that a 50- to 100-mF 
electrolytic capacitor be inserted. 

Power Up Recommendations 

DRAMs have historically needed multiple input voltages for substrate bias generation. Currently, all that 
is needed is 5 V because the substrate bias generator is internal to the chip. The bias generator takes 
approximately 200 ms to stabilize the substrate voltage hence it is recommended that the CAS and RAS be 
on high during this time period. There are two reasons for keeping the RAS and CAS high in a dense 
memory board. The first is that if the RAS and CAS were both low, the DRAMs would draw much larger 
currents, which could result in a system failure. The second reason is that all the DRAM output levels 
during power up are unknown, so if the RAS and CAS were low, there could be data contention in the 
case of wired AND outputs. However, if the RAS and CAS were high then the outputs would not conflict 
since they are guaranteed to be in the high-impedance state. 

Once power up has been established, it is necessary to perform eight dummy cycles to stabilize the 
internal circuitiy. The type of cycle (read, write, CAS-before-RAS, hidden refresh) required depends on 
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whether the internal refresh counter will be implemented or not. (Check the data sheet of the specific 
device.) 

Undershoot and Ringing 

Undershoot and ringing occur only when line voltages go from high to low or from low to high 
respectively and not during static state operation. Undershoot and ringing are caused by noise, inherent 
transistor switching characteristics, and mismatched impedances between the driver output, the signal 
line, and the load. 

Undershoot and ringing due to mismatched impedances can be effectively eliminated by understanding 
their cause and implementing good design techniques. In present high-frequency applications, line 
impedance is a function of line capacitance and line inductance is as given by the following equation: 

Z= (L/C) 1/2 

There is approximately 10 nH of inductance per inch in a 13-mil wide trace. Similarly, there is 
approximately 4 pF of capacitance per inch in a 13-mil wide trace. So it is easy to see how the impedance 
of traces can be 50 ohms. 

From physics we know that if an initial voltage (Vo) meets a mismatch between the line impedance (Zo) 
and the load impedance (Z/), Vo will break into two separate components: transmitted voltage (Vt) and 
reflected voltage (Vr). The reflected voltage equation is as follows: 

Vr = [Vo (Zl - Zo)]/(Zl + Zo) 

When load impedance is equal to line impedance there is no reflected voltage wave. When there is 
mismatch between load and line impedance, the reflected wave causes oscillations in Vo resulting in 
ringing and undershoot. 

The best way to prevent ringing and undershoot is to put a 20- to 30-ohm series damping resistor in all 
trace circuits to the DRAM. This generally decreases load and line impedance mismatch enough to 
significantly decrease undershoot and ringing. 

The Difference Between Soft and Hard Errors 

A soft error is a bit error that disappears when a system is rebooted. A hard error causes permanent 
damage to a particular cell, or group of cells, in a memory device. Consequently, random soft errors are 
much more difficult to trace and fix, whereas hard errors are only remedied by replacing the entire chip. 

Soft Error Causes 

There are two major causes of soft errors. The first cause is alpha particles emitted by radioactive 
impurities in memory component packages. The stray alpha particles cause ionization along their paths, 
thus changing the charge stored in the memory cell. The second cause of soft errors is internal noise in the 
die. Internal noise problems can only be eliminated by prudent and proven transistor design techniques 
such as those used by Fujitsu's Design Engineering Group in Kawasaki, Japan. Fujitsu has taken extensive 
steps to decrease soft errors due to alpha particles by implementing the following design techniques: 
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• Using metal bit lines which physically reduce the size of alpha particle-sensitive portions on the 
die. 

• Applying a thin layer of polyamide (which is known to absorb alpha particles) to the die. For 
example, a 3.5-mil thick polyamide coating can stop most alpha particles from entering and 
corrupting cells. 

Fujitsu has also designed and manufactured a full line of CMOS DRAMs since CMOS has better noise 
immunity and it is also inherently less prone to soft errors than NMOS. 

The number of failures that can be expected due to soft and hard errors is minute. Table 3 displays the 
number of expected soft errors per device for a time period of one billion device hours. The industry 
nomenclature for device failures is failures in time (FITs). 


Table 3. Failures Per Billion Device Hours 


Fujitsu Device 

Soft Errors 

256 k DRAM 

<500 FITs 

1 Mbit DRAM 

<1000 FITs 

4 Mbit DRAM 

<1000 (target) FITs 


Hard Error Causes 

Latchup 

One of the disadvantages of CMOS is the inherent problem of latchup. Latchup occurs from parasitic 
bipolar actions and results in excessive current-sinking logic which destroys the device. Fujitsu reduces 
the possibility of latchup by using the following preventative measures: 

• Incorporating substrate bias generators on the die so that uniform substrate potential of the 
transistors is maintained. This prevents the parasitic diodes from forward biasing (which would 
permit excess current to flow) when undershoot occurs. 

• Clamping diodes on the inputs which prevents excessive undershoot voltages from occurring. 
Electrostatic Discharge 

Since MOS has high input impedance and low breakdown voltage, another inherent CMOS disadvantage 
is device sensitivity to electrostatic discharge (ESD). Fujitsu offers ESD protection in the thousands of volts 
range, in addition to undershoot and overshoot protection. The input protection circuitry for 1-megabit 
DRAMs is shown in Figure 4. Grounding any people or machinery that touch the device will nearly 
eliminate ESD failures. 
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Figure 4. 1 -megabit CMOS DRAM Input Protection Circuit 


Dual-Port DRAMs 

Since memory is inherently parallel and video data is inherently serial, graphics systems have always 
needed parallel-to-serial shift registers. The extra logic needed to perform graphics tasks increased delay 
times, used board space, and was not very efficient in high-end graphics applications. These drawbacks 
have completely vanished with the introduction of Dual-Port DRAMs. 

Dual-Port DRAMs are designed to bridge the parallel-to-serial gap by having separate parallel and serial 
ports. This feature permits image memory to be updated while previous data is being shifted out to the 
display. The transfer of parallel data to serial data is accomplished by an on-board parallel-to-serial shift 
register. Conversely, because the serial port has its own clock, it is possible to load the serial port, then 
shift the data to the parallel access RAM. This type of data manipulation reduces the problem of bus 
contention especially apparent in display applications. In fact, the Dual-Port DRAM is almost exclusively 
used for video applications; it is also called a Video RAM. 

Bit Masking 

Bit masking is used to inhibit (mask) writing to certain bits of nibbles. It is found only in Dual-Port 
DRAMs where it is most useful in quickly manipulating and operating on individual pixel data. 

The advantage of bit masking is that instead of doing a read-compare-modify-write cycle, only a masked 
write is necessary. The pins used in masking are RAS, CAS, WE mask enable (ME), masked data (MD) 
<0...3>/data out (DQ) <0...3>, and output enable (OE). Figure 5 shows the timing for bit masking. 
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TOT 

EES' 

ADDR 

ME/WE 

MDO/DQO 

MD1/DQ1 

MD2/DQ2 

MD3/DQ3 

OS 



Figure 5. Bit Masking 

Notes: the fall of RAS (and i f OE = H and WE = H), all MD inputs that are high will be prepared to receive new data. MD inputs 

that are low at the fall of RAS will not be prepared to be rewritten. 

2 At the fall of WE the new data present on all MD pins that were high at the fall of RAS will be written to the appropriate bit of 
the memory. 


DRAM Refresh Methods 

DRAMs are basically made up of decoders, latches and capacitors. Capacitors store charges applied to 
them. Due to leakage, capacitors also dissipate that charge. Consequently, in order to retain their data, all 
DRAMs need to be periodically refreshed with a pulse to each cell. Methods of refreshing vary from 
device to device. Some of these methods are discussed in the following paragraphs. 


HftS-Only Refresh 

RAS-only refresh causes the output buffer to remain in a high-impedance state until certain RAS and CAS 
timing parameters are met. This type of refresh cycle is ideal for wired-OR outputs. External glue logic 
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generates row addresses and timing parameters so that all rows are refreshed within the allotted refresh 
cycle time. Also, whenever a row is accessed for a read or write operation it is refreshed. A two-step 
process is required to refresh all the cells. 

1 . Initially the RAS and CAS are high. Then a row address is applied and the RAS is brought low, 
thereby refreshing all cells in that row. 

2. After the RAS is brought high, a new row address is applied and the procedure repeats. 

A timing diagram is shown in Figure 6. 



CAS Before RAS Refresh 

CAS before RAS refresh eliminates the need for external logic to generate refresh addresses. When using 
the CAS before RAS refresh, a one-time start-up procedure must be undertaken enabling this feature and 
ensuring proper device operation. This procedure initializes the internal address generator. 

One requirement of the procedure is that when power is applied, the CAS and RAS should be high. After 
power stabilization, the CAS should go low before the RAS goes low. This cycle has certain setup and 
hold time constraints, depending on the particular chip being used, but generally speaking at least eight 
CAS before RAS cycles must occur to initialize the internal counter. 

Once this procedure is completed the normal CAS before RAS refresh operation is as follows: 

1. The CAS is brought low then the RAS is brought low. 

2. The refresh address is supplied by an internal address generator. 

A timing diagram is shown in Figure 7. 


7-19 





Various Features 
of Fujitsu DRAMs 


November 1989 
Fujitsu Microelectronics. Inc. 



DESCRIPTION 

tAS-before-^AS refresh is an on-chip refresh cap ability that eliminates the need for external refresh addresses. If CA$ is 
held Low for the specified setup time (tcsR) before Ea 3 goes Low, the on-chip refresh control clock generators and refresh 
address counter are enabled. An internal refre sh op eration auto matically occurs and the refresh address counter is 
Internally Incremented in preparation for the next CAS-before-fiAS refresh operation. 


tCHR - 15 ns min. tRAS - 105 ns min. 

tCSR - 0 ns min. tRC - 200 ns min. 

tOFF - 25 ns max. tRPC - 20 ns min. 

Figure 7. €35 Before R35 Refresh Cycle 
Hidden €35 Before R35 On-Chip Refresh 

Hidden CAS before RAS on-chip refresh is similar to a CAS before RAS refresh except that data remains 
valid on the data pins as long as the CAS is low. Because the internal address counter is used in this cycle, 
at least eight dummy CAS-before-RAS refresh cycles should occur immediately after power-up. For this 
type of refresh, keep the CAS low at the end of a normal read or read-write cycle, and then bring the RAS 
high, then back to low. Since data remains valid on the output until the CAS goes high, this cycle is an 
extended read or write cycle in the foreground and a "hidden" refresh cycle in the background. A timing 
diagram is shown in Figure 8. 
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tCRS 


lOnt min. 

tRCO 


20m 

min. 

tASR 


0 m min. 

tRRH 


0m 

min. 

tRAH 


10 m min. 

tCHR 


20m 

min. 

IRAS 


105 m min. 

tCAS 


55 M 

min. 

IRC 


200 m min. 

ICAC 


50m 

min. 




tRAC 


100 m 

min. 


Figure 8. Typical Hidden CAS before HAS Refresh Cycle 

DRAM Implementation in an MBL80286 Environment 

Figure 9 shows a typical implementation of an MBL80286 microprocessor, an MB1430A DRAM controller, 
an MBL82288 bus controller and several 1 -megabit DRAMs. The memory is organized in two banks; one 
bank contains the data of odd addresses and the other bank contains the data of even addresses. This type 
of configuration is known as interleaving memory. The main advantage to such an organization is that 
while one bank of memory is in tRP (RAS prechaige time) the second bank is accessed by the bus. Then, 
while the second bank is in tRP the first bank is accessed by the bus. This decreases the perceived DRAM 
cycle time. Interleaving memory is an optimum configuration as long as the same bank of memory cells 
doesn't need to be accessed sequentially. 
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Figure 9. Schematic of 1 megabit x 32 DRAM with Zero Wait States 
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Figure 10 shows the RASO and RAS1 timing that allows interleaving. If the same bank is accessed 
sequentially then the microprocessor must generate wait states and endure the tRP. The odd or even bank 
is selected depending on the value of bus high enable (BHE) and AO. The size of the operation taking 
place (word or byte) can also be determined by polling BHE and AO. This relationship is shown in Table 4. 



Table 4. Relationship Between BHE, AO, and Size of Operation 


BHE 

AO 

Operation 

0 

0 

Word Transfer 

0 

1 

Byte Transfer on Upper Half of Data Bus (D15-D8) 

1 

0 

Byte Transfer on Lower Half of Data Bus (D7-D0) 

1 

1 

Reserved 


The purpose of the octal latches in the Figure 9 schematic (MBL8282) is two-fold: first to demultiplex the 
address lines and secondly to increase the total drive capability to 32 mA. Once the address lines have 
been demultiplexed they become inputs to a DRAM controller. The DRAM controller generates the 
necessary RAS and CAS timing on the RASO, CASO, RASl, and CAS1 lines. The MB1430A DRAM 
controller can accommodate various microprocessors including the Motorola 68000. In addition, the 
MB1430A can drive up to 44 DRAMs without the use of drivers. 

There are also two purposes for using the bus transceivers in the Figure 9 schematic is two-fold: first to 
demultiplex the data lines from the multiplexed address-data lines, and second to allow microprocessor 
read-writes. In the case of a write operation, once the data has been demultiplexed it is put through a 
bidirectional bus driver which allows data to be read and increases the drive capability. The direction of 
data flow is determined by the data transmit/receive (DT/R) pin. The bus controller in the Figure 9 
schematic orchestrates the entire system under the control of the microprocessor, MBL80286. The signals 
output by the microprocessor determine the operation taking place (see Table 5). 
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Table 5. MBL80286 Bus Cycle Status Definition 


COD/1RTR 

M7R5 

ST 

SO 

Bus Cycle Initiated 

0 (low) 

0 

0 

0 

Interrupt Acknowledge 

0 

0 

0 

1 

Reserved 

0 

0 

1 

0 

Reserved 

0 

0 

1 

1 

None: Not a Status Cycle 

0 

1 

0 

0 

If A1 * 1 Then Halt; Else Shutdown 

0 

1 

0 

1 

Memory Data Read 

0 

1 

1 

0 

Memory Data Write 

0 

1 

1 

1 

None: Not a Status Cycle 

1 (High) 

0 

0 

0 

Reserved 

1 

0 

0 

1 

I/O Read 

1 

0 

1 

0 

I/O Write 

1 

0 

1 

1 

None: Not a Status Cycle 

1 

1 

0 

0 

Reserved 

1 

1 

0 

1 

Memory Instruction Read 

1 

1 

1 

0 

Reserved 

1 

1 

1 

1 

None: Not a Status Cycle 


DRAM Modules 

DRAM modules are dense memory packages that are a fraction of the size of the same memory structure 
in a board design. Some of the common module sizes are 1M x 9, 256 k x 9, and 16 k x 32. 

Summary 

Fujitsu DRAMs offer a selection of features that include: fast page mode, nibble mode, and static column 
mode. Fujitsu also manufactures dual-port DRAMs and DRAM modules. 
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Abstract 

Alpha particles (helium nuclei) emitted by trace quantities of radiative elements in the DRAM packag- 
ing materials can cause temporary errors in a memory array and its operation. These errors result from changes 
in the amount of electron charge stored on the capacitor of the memory cell, as well as changes in voltage levels 
of activated bit lines. The changes are temporary, in that a write to the affected memory cell can correct the error, 
which is called a soft error. This application note explains the process of soft errors and estimates the soft error 
rate (SER) for Fujitsu's 4M DRAM devices under accelerated conditions. The4M DRAM is compared with Fu- 
jitsu's 256K and 1M devices to show the improvement in soft error rate. 
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The Soft Error Phenomenon 

The package material of DRAMs contains trace quantities of uranium and thorium which can emit 
alpha particles of various energy levels. These alpha particles (helium nuclei consisting of two protons 
and two neutrons), upon impact with the silicon crystal lattice, produce electron-hole pairs. The dislocated 
electrons can be attracted to the potential well (that forms the capacitor plates of the memory cell) and 
change the electrical state of the memory cell. The capacitor becomes charged and the logic state changes 
from "1" to "0" (Figure 1);. i.e., the memory cell mode of producing a soft error. 

Cross Section of Ail Layers 



Figure 1. 4M DRAM Stacked Capacitor Cell 

Soft errors can also be produced by alpha particles through another mechanism, one that involves 
the bit lines. When the information in the memory cell is read out to the bit line, a potential comparison is 
made. When electrons generated by alpha particles flow into the bit line during this comparison process, 
they cause the reference potential to drop. As a result of this a "0" to "1" inversion occurs. 
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Soft errors caused by this bit line mode are inversely proportional to the cycle time: the longer the 
cycle, the less frequent are the bit line activations and resultant exposure time to alpha particles. The 
memory cell mode error rate is independent of the cycle time. The following figure (Figure 2) illustrates 
the composite rate. 


SER 

NX 

Normalized 

\ Composite 

Value 

\ \ Mode 


\ Memory Cell Mode 


' Bit Line Mode 


tRC 


Figure 2. Soft Error Rate vs. Cycle Time 


Soft Error Rate Estimation 

The soft error rate of a particular device can be analyzed in relationship with other device 
parameters (Vcc and tRc) using an accelerated test scheme. For an example of soft error rate estimation, 
see Figure 3 which shows a Fujitsu MB814100 4M DRAM die exposed to an americium 241 source. 


Coated Alpha Source 



■ 


■ 

■ 

-i t 

■ 


Package 


Function Tester 


Figure 3. Alpha Source Acceleration Test 

The alpha particles are generated by the americium source, and under the following conditions: 

Alpha source element : Am 241 

Alpha source intensity : lOpCi (1.4 xIO 9 alpha/cm 2 /hour) 

Alpha source energy : 5.35 MeV 
Geometrical condition: 2 mm vertically above the chip 
V C c: 4.0 -6.0 V 
fac * 0.5 - 10 pS 
Test data pattern : checkerboard 
Test address pattern : linear sequence 
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The results can be expressed in two forms, SER vs. Vcc arid SER vs. tRo The following graph 
(Figure 4) shows the soft error rate (normalized value) vs. Vcc (supply voltage) when cycle time 
tRc = 500 ns. 


SER 

Normalized 

Value 



Figure 4. Soft Error Rate vs. V C c (MB814100) 


Figure 4 demonstrates that the lower the voltage Vcc the higher the rate of soft errors. This is due to 
the lower potential that has to be changed by the alpha particle-induced electrons. 

The next graph (Figure 5) shows the dependency of the composite soft error rate on the cycle time, 

tRC- 



Flgue 5. Soft Error Rate vs. tRc (MB814100) 

In this case, the SER is inversely proportional to the cycle time. The longer the cycle, the less 
frequent are the bit line activations and resultant exposure time to alpha particles. Hence, the SER 
decreases with the increase in tRo 
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Soft Error Rate Comparison 

The accelerated test data that has been compiled can be used to compare the SER of MB814100 to 
similar devices from other manufacturers or to compare the soft error rate of several Fujitsu DRAMs, from 
the 256K to the present 4M devices. 

In order to compare the SER for the Fujitsu 256K, 1M and 4M devices, the SER values can be 
normalized to reflect the same alpha particle flux densities. The following figure. Figure 6, represents a 
comparison between the SER of 256K, 1M and 4M DRAM devices. The marked improvement shown 
between the 256K and 1M is due to the stacked capacitor cell design. This design technique was adopted 
by Fujitsu for DRAM cell designs and the 1M DRAM was the first device fabricated using this design 
technique. 



Figure 6. Relative Soft Error Rate vs. V C c (256K, 1M, 4M) 

To improve the 4M DRAM, various methods, including an advanced stacked capacitor cell design 
and an improved circuit design, were used to decrease the SER. Figure 6 shows the SER of the 4M DRAM 
significantly reduced when compared to that of the 1M and 256K DRAMs. 

Conclusion 

The soft error rate for the Fujitsu 4M DRAM, the MB814100, was estimated under accelerated 
conditions. The results were compared with the previous products, the 256K and 1M DRAMs. The SER for 
the 4M is an improvement over previous DRAM generations and this is due to various design methods 
used by Fujitsu such as: 

• reduction of trace radioactive elements in package materials 

• improved circuit design to minimize the impact of dislocated electrons. 

Soft errors in DRAM devices cannot be completely eliminated, but they can be reduced to very small 
numbers. Fujitsu will continue to develop improved methods that will reduce the soft error rate of present 
and future DRAM memory products. 
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3D Stacked Capacitor Cell for 
Mega Bit DRAM 

• Ibmio Nakano • TakashiYabu (Manuscript received December 16,1988) 


This paper discusses the three-dimensional stacked capacitor (3D STC) cell tech- 
nology that Fujistu used in 1-Mbit DRAMs (Fujitsu was the first to do this), and the 
development of 1-Mbit and 4-Mbit DRAMs using the 3D STC technology. 3D STC 
technology is the key to cell area reduction enabling densities higher than 1-Mbit. 
This technology provides mass production capability and a high immunity to alpha- 
particle-induced soft errors. To respond to market demands for low power consump- 
tion, high speed, and high reliability, 1-Mbit DRAMs were designed using CMOS 
technology. A4-Mbit DRAM having an access time of 56 ns and low power consump- 
tion of 1 75 mW was also developed. 


1. Introduction 

Since the 1-Kbit dynamic memory (DRAM) 
was developed, the density and performance of 
MOS DRAMs have steadily improved and have 
led the semiconductor technologies of Fujitsu. In 
1985, a three-dimensional stacked capacitor cell 
was developed and first used in a 1-Mbit 
DRAM. 

The three-dimensional design of a capacitor 
using this cell technology results in a large cell 
capacitance in a very small cell area and high 
scalability. These features have attracted much 
attention to this cell technology and it is being 
widely used for 4-Mbit DRAMs 2 ^. This report 
discusses the three-dimensional stacked capaci- 
tor cell (3D STC) technology and the 1-Mbit and 
4-Mbit DRAMs that use this technology. 

2. Development of DRAMs having capaci- 
ties up to 256 Kbits 

Figure 1 shows the DRAM developments by 
Fujitsu. Since the development of the 1-Kbit 
DRAM in 1971, integration has quadrupled ev- 
ery three years. A 4-Mbit DRAM may be intro- 
duced to the market in 1989. The major points 
of this steady progress in high integration is re- 
viewed below. 

Figure 2 shows that the cell area has been 


reduced by a factor of 400 in the last 18 years. 
This area reduction was mainly due to the prog- 
ress in fine lithography techniques, cell struc- 
ture, and circuit technology. The standard 
DRAM design rule for fine lithography has been 
to make the lithography 0.7 times finer in each 
generation. The 4-Mbit DRAM must now be pro- 
cessed in units of submicrons. In each genera- 
tion of DRAM, a cell area reduction technology 
has been developed (see Table 1). 

The general progress of DRAMs can be 
viewed as the advance of memory cell technolo- 
gy. The memory cell of a 1-Kbit DRAM consists 
of three (or four) transistors (see Fig. 3a) 4) . Al- 
though this cell has a large area, it has the ad- 
vantages of current amplification capability and 
is easy to read. In the single-transistor cell sys- 
tem that was first incorporated in the 4-Kbit 
DRAM, a one-bit memory cell consists of a tran- 
sistor as a switch and a capacitor that stores in- 
formation as an electric charge (see Fig. 3b). 

Because the single-transistor cell does not 
have current amplification capability, the signal 
voltage on a bit line is very small (100 V to 200 
mV). Advances in circuit technology, including 
the sense amplifier, has enabled this small sig- 
nal to be detected at high speeds and has pro- 
vided the basis for DRAMs ever since. 
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Table 1. Development of DRAM technology for each generation. 



| Lithography technology | 



Capacity 

<bl») 

Design rule 
(Mm) 

Etching 

Cell structure 

Circuit technology 

IK 

9 

Wet 

3 transistors 

pMOS Dynamic 

4K 

8 

Wet 

1 transistor 

nMOS Dynamic 

16K 

6 

Wet 

Double poly-Si 

MPX add. 16 pin PKG 

64K 

3 

Dry 

Double poly-Si 

Single 5 V supply 

256K 

2.5 

Dry 

Triple poly-Si 

Redundancy, high speed 

1M 

1.8 

Dry 

3D STC cell 

CMOS Dynamic 

4M 

0.8 

Dry 

4 layer poly-Si STC 

Blocknized peripheral 



Year 


Fig. 1 -DRAM development of Fujitsu. 

The following section explains the principle of 
operation of the sense amplifier for the single- 
transistor cell using the circuit of the 256-Kbit 
DRAM MB81256 5) as an example. 

2.1 Sense amplifier for single-transistor cell 

Figures 4 and 5 show the major circuits of 
the sense amplifier and their operating wave- 
forms. A sense amplifier consists of a dynamic 
flip-flop circuit having a pair of transistors (Qi 
and <&). A small differential voltage between 
the left and right bit lines is quickly amplified. 
That is, sense amplifier activation clocks A and 
B are set to a high level sequentially at time t\ 



Year 


Fig. 2-History of cell area reduction (Cell area reduced 
by a factor of 400 in 18 years). 


(see Fig. 5), and the differential voltage between 
nodes Nj and N 2 increases. At time t<i after am- 
plification, the active restore circuit operates to 
recharge the bit line to the high level Vice* and 
the series of read operations is completed. 

The cell read signal voltage can significantly 
affect the stability of sense amplifier operation. 
This is analyzed in a simplified manner below. 
In Fig. 4, the bit line capacitance is Cbl» cell ca- 
pacitance is Cs, dummy cell capacitance is Cd, 
and the cell potential at time *o is Vs- The 
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a) 3 transistor cell b) 1 transistor cell 

Fig. 3— DRAM memory cell circuit. 



Fig. 5 -Operational waveforms of sense amplifier. 



Fig. 4 -Sense amplifier circuitry of 254-K DRAM. 


potential difference (or signal voltage) V 8 ig be- 
tween sense amplifier input nodes N\ and N 2 at 
time t \ is determined by the ratio of cell and bit 
line capacitances and is expressed as follows. 





In the above expression, y is the cell read ef- 
ficiency and V n is the noise voltage to the sense 
amplifier. From the above expression and the 
MB8 1256 cell capacity, the relation between cell 
potential Vs and signal voltage V 8 ig is obtained 
as shown in Fig. 6. In this example, the reference 
voltage is set to 2 V and the read margin at the 
high level is set above the read margin at the low 
level because of the leakage at the p-n junction 
and the cell charge loss due to alpha particles 6 *. 

2.2 DRAMs and cell technology before 1-Mbit 
DRAM 

The 64-Kbit DRAM can be operated by a 


Fig. 6 -Relation between F ce n and ^sig (Dummy cell 
is adjusted to fit K re f = 2 V). 

single 5 V power supply while conventional- 
DRAMs require three power supplies (+12 V ± 
5 V). This design enabled the DRAM to be con- 
nected to peripheral circuitry more easily and 
expanded the field of DRAM applications from 
main storage in large computers to personal 
computers. This resulted in a dramatic increase 
in the demand for DRAMs nMOS technology, 
which had been used for DRAMs having capaci- 
ties of 4 Kbits to 256 Kbits, was replaced by 
CMOS technology when 1-Mbit DRAMs were 
developed to reduce power consumption and in- 
crease speed. 

The objective of cell structure development 
at this time was the promotion of multilayer and 
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three-dimensional designs. For DRAMs having 
4 Kbits or less, the capacitor and transistor con- 
sist of a single poly-silicon layer whose capacitor 
area occupies only a small portion of the cell 
area. Double poly-silicon layer technology was 
first used for a 16-Kbit DRAM. The double poly- 
silicon layer structure provides the first-layer 
for the capacitor electrode and the second layer 
for the transistor gates. This increases the ca- 
pacitor area occupancy ratio. In addition, the 
function of each poly-silicon layer can be limited, 
enabling the optimum gate oxide thickness for 
the capacitor transistor to be selected individu- 
ally. Thus the maximum capacitance can be pro- 
vided in a very small cell area. 

The multilayer poly-silicon design was fur- 
ther advanced. The resulting three-layer poly- 
silicon technology developed for the 256-Kbit 
DRAM has increased the speed even more. This 
technology provided the basis for the smooth de- 
velopment of 1-Mbit three-dimensional stacked 
capacitor (3D STC) cells. The cells of DRAMs 
having 256 Kbits or less use the surface of the 
silicon substrate for the capacitor and transistor 
and are classified as planar cells. If the cell area 
was reduced by using only fine lithography to- 
gether with the planar technique to obtain capa- 
cities of 1 Mbits to 4 Mbits, the cell capacity re- 
quired to guarantee immunity from 
alpha-particle-induced soft errors could not be 
achieved. To solve this problem, the three-di- 
mensional design was employed based on the 
concept of a stacked capacitor cell which over- 
lays the capacitor on the transistor for efficient 
use of the silicon surface. 

3. Stacked capacitor cell technology 

3.1 Features of mega bit DRAM cells 

Various cell structures have been proposed 
for mega bit DRAM memory cells having three- 
dimensional structures. The stacked cell forms 
a capacitor on a single-transistor cell access 
transistor. The trench cell forms a capacitor in a 
trench dug in the silicon substrate. Many of the 
suggested cell structures were trench cell types, 
but planar cells, which were mainly used 


for DRAMs having capacities of 256 Kbits or 
less, are generally used for the 1-Mbit DRAMs 
now in mass production. 

However, the planar cell is reaching the lim- 
it of its capability. When the future capacity of 
DRAMs is considered, it is now necessary to se- 
lect other cell types as the memory cells for 
4-Mbit to 16-Mbit DRAMs. Recently, the devel- 
opments in stacked capacitor cells have gained 
attention for their applicability to fine lithogra- 
phy and high scalability. 

Fujitsu led other manufacturers by develop- 
ing the three-dimensional stacked capacitor cell 
and using it for 1-Mbit DRAMs. Fujitsu subse- 
quently developed a memory cell for a 4-Mbit 
DRAM having the smallest cell area reported so 
far using fine lithography technology. Further- 
more, Fujitsu has promoted the development of 
stacked capacitor cell technology combined with 
a dielectrically encapsulated trench (DIET) ca- 
pacitor cell 7 * which combines the advantages of 
trench cells and stacked cells. 

3 J2 Three-dimensional stacked capacitor cell 

The memory cell structure is most impor- 
tant for the design of a DRAM. The memory cell 
almost determines the performance and mass 
producibility of the DRAM. The memoiy cell size 
of the 1-Mbit DRAM must be reduced to about 
one-third that of the 256-Kbit DRAM. The 
memory cell size of the 4-Mbit DRAM must be 
reduced to about one-third that of the 1-Mbit 
DRAM by using a scaling factor of 0.6 to 0.7. 
When Fujitsu developed the 1-Mbit DRAM, it 
planned to develop a basic structure for the 
memory cell that could be used for at least two 
generations. After investigating various 
memory cell structures such as the stacked cell, 
trench cell, and planar cell, Fujitsu selected the 
stacked capacitor cell structure due to its high 
scalability and thus the expandability to 4-Mbit 
DRAMs. 

3.2.1 Folded bit line configuration 

The basic idea of stacked cell has existed 

since 1978 8 *’ 9 *. This idea, however, simply 
stacks the capacitor on the access transistor of 
the cell and has an open bit line configuration. 
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Bit line 




Fig. 7— 3D stacked capacitor cell. 


Fujitsu has also used the open bit line con- 
figuration for its 64-Kbit and 256-Kbit DRAMs. 
However, mega bit DRAMs which have reduced 
memory cell size require a cell structure that en- 
ables the folded bit line configuration for an im- 
proved noise margin. Fujitsu has improved the 
conventional stacked capacitor cell structure by 
locating word lines under the second poly silicon 
layer that forms the charge storage electrode 
(see Fig. 7). This structure forms a memory cell 
at eveiy other intersection of a bit line and a 
word line and enables the folded bit line configu- 
ration. 

3.2.2 Cell Size 

A planar cell forms a flat capacitor on the 
surface of a substrate. The capacitor area is re- 
duced in proportion to the reduction of memory 
cell size. Even when the fine lithography tech- 
nique is fully implemented, it has a limited abil- 
ity to provide a large capacitance in a small area. 
Because a trench cell has a trench in the sub- 
strate in which the capacitor is formed, the ca- 
pacitor is also formed on the surface of the side 
walls within the trench. If the trench is deep, a 
relatively large memory cell capacitance can 
easily be provided. 

A stacked cell forms the capacitor on the ac- 
cess transistor. Therefore, the memory cell ca- 
pacitance can be increased because the 



Kinds of cell 

Fig. 8— Comparison of cell size for three types of cell 
structure. 

capacitor is formed on the top and sides of the 
poly- silicon layer for storage node. The bent 
shape of the storage node also contributes to the 
capacitance increase. 

The memory cell areas of the stacked cell, 
trench cell, and planar cell were compared when 
the same lithography technique was used and 
the capacitor areas were the same (see Fig. 8). 
The results show that the three-dimensional 
stacked capacitor cell is the best for reducing the 
memory cell size. 

3.2.3 Soft error immunity 

A soft error is an event in which cell informa- 
tion is destroyed. The charge generated by an al- 
pha particle beneath the charge storage region 
of the cell is absorbed in the diffusion layer, and 
the voltage potential of the cell is lowered caus- 
ing cell information to be destroyed. 

The first method to prevent soft errors is to 
suppress the generation of alpha particles by in- 
creasing the purity of the package material or by 
preventing alpha particles from entering the sil- 
icon substrate. The second method is to increase 
the charge storage capacitance to reduce the ad- 
verse effect of the charges generated by the al- 
pha particles. The third method is to design a 
memory cell structure having high resistance to 
soft errors by lowering the charge collection effi- 
ciency of the diffusion layer. 
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Fig. 9— Comparison of SER for three types of cell 
structure. 



Fig. 10— Dependence of collected charge on junction 
area. 


To increase the storage capacitance, the 
thickness of the capacitor film must be reduced 
and the storage electrode areas must be in- 
creased. To lower the charge collection efficient- 
ly, the diffusion layer area must be reduced or a 
potential barrier must be formed. For example, 
a HiC structure 10 ^ or memory cell formation in 
a p-well u) is required. 

When the stacked capacitor cell was devel- 
oped, three test devices having the stacked 


capacitor cell, planar cell, and trench cell struc- 
ture were made and actual soft error rates were 
measured (see Fig. 9). The results show that the 
stacked cell caused fewer soft errors even 
though it has a small memory cell capacitance. 

Because the capacitor is formed on polysili- 
con in the stacked cell structure, its diffusion 
area is very small and the collected charge 
amount is reduced. On the other hand, the ca- 
pacitor area in a planar or trench cell is equiva- 
lent to the diffusion layer area and the edge of 
the drain is added to this area. The diffusion lay- 
er in the charge storage region is therefore en- 
larged and the collected charge amount become 
large. Although a large memory cell capacity can 
theoretically be maintained by the trench cell 
structure, the critical charge amount must be in- 
creased because the diffusion layer area in- 
creases according to the increase in the capacity. 
For this reason, an additional countermeasure, 
including a potential barrier on the side walls of 
the capacitor, is required. 

This characteristic can also be illustrated by 
the results of an experiment in which collected 
charge amounts are measured using test devices 
having various junction areas (see Fig. 10). If the 
junction area is small in comparison to the 
charge amount to be collected, the collected 
charge amount is reduced because the effective 
funneling length is shortened by the electric 
field distortion at the junction edges, and be- 
cause adjacent cells partially absorb the charge. 

3.2.4 Charge retention characteristic 

The charge retention characteristic of the 
memory cell is important in relation to the re- 
fresh time of the DRAM. In a 256-Kbit DRAM, 
the refresh time is 256 cycles/4 ms. That is 1024 
memory cells are refreshed by one refresh opera- 
tion and the operation must be executed 256 
times in 4 ms. In a 1-Mbit DRAM, the refresh 
time is 512 cycles/8 ms, and the refresh time of 
a 4-Mbit DRAM is 16 ms if the refresh overhead 
time is the same as that of the 1-Mbit DRAM. 
The refresh time doubles for each DRAM gener- 
ation. 

To prolong the charge storage time, all 
sources of leakage current must be reduced. 
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Fig. 11 - Threshold voltage as a function of gate length. 


When compared with other cell structures, 
the stacked capacitor cell has a small p-n junc- 
tion area of the capacitor and lower leakage cur- 
rent. The stacked capacitor cell can also incorpo- 
rate conventional isolation techniques, 
resulting in sufficient isolation width and a low- 
er leakage current. 

The leakage current of the capacitor dielec- 
tircfilm on the poly-silicon is not more than 10' 16 
A per cell when the film thickness is 5 nm (effec- 
tive oxide thickness) and the electric field in the 
insulating film is 5 MV/cm. 

When the transistor becomes very small, the 
characteristic degradation due to hot carriers 
and short and narrow channel effects become a 
problem. The stacked cell can use a large access 
transistor in comparison with the planar and 
trench cells. Alternatively, if the same size tran- 
sistor is used, the stacked cell can have a smaller 
memory cell size than that of other memory cell 
structures. Figure 11 shows that the subthresh- 
old swing even in the submicron gate length is 
80 mV/decade and the leakage current can be 
suppressed enough to eliminate the adverse ef- 
fect on the charge retention characteristic. 

3.3 Development of 4-Mbit DRAM memory cell 

A 4-Mbit DRAM memory cell was develo- 
pedby further scaling the three-dimensional 


stacked capacitor cell developed for 1-Mbit 
DRAMs. The basic memory cell structure is com- 
mon to 1-Mbit and 4-Mbit DRAMs. The 1-Mbit 
DRAM incorporates three-layers poly-silicon 
and one-layer A1 process technology, where poly- 
cide us used for word lines, and A1 wiring is used 
for bit lines. The 4-bit DRAM uses further ad- 
vanced technology having four-layer poly silicon 
and a one-layer A1 process. 

In the 4-Mbit DRAM, contacts with the A1 
word lines are made at eight positions in the cell 
array to minimize the delay time due to the poly- 
cide word lines on the first poly-silicon layer. The 
bit line is formed by the 4th layer of polycide on 
which it is easy to form a fine bit line pitch. This 
eliminates stray capacitances that would be oc- 
cur if thick A1 bit lines were formed. This design 
resulted in a ratio of bit line capacitance to cell 
capacitance Cb/Cs of about eleven, which is suf- 
ficient for signal sensing. 

In addition, a cell capacitance of 27/F was 
realized by the development of a capacitor insu- 
lating film having a thickness of 10 nm (effective 
exide thickness) or less and by virtue of the 
three-dimensional structure of the stacked cell. 
Thus, a 7.5 jlm 2 cell was developed and put into 
use in a practical device. 

3.3.1 Four-layer poly-silicon process 

Figure 12 shows the process to make the 
4-Mbit DRAM memory cell. The substrate is p- 
type silicon. After isolation and formation of the 
n-well of CMOS for peripheral circuitry using 
conventional methods, gate electrodes, includ- 
ing those for the access transistor, are formed on 
the first poly-silicon layer (polycide). Then the 
source drain area is formed by ion implantation 
in Fig. 12a). After oxide film is grown by the CVD 
method and the contact holes are formed by im- 
printing a mask pattern, the second poly-silicon 
layer for the storage nodes is grown. To process 
the second poly-silicon layer, which affects the 
storage capacity, accurate patterning was per- 
formed while avoiding the influence of the first 
poly-silicon layer in Fig. 12b). For this process, 
new lithography and etching techniques to de- 
lineate an exact pattern of the reticule and a new 
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Fig. 12— Schematic veiw of 3D stacked capacitor cell 
and fabrication process. 

technique of producing accurate and defectless 
reticules were developed. 

After the capacitor dielectric film is formed, 
the third poly-silicon layer for the cell plate is 
grown. After the oxide films between layers are 
grown, the bit line contact holes are opened and 
bit lines are formed by the fourth silicon layer 
(polycide) in Fig. 12c). Then, aluminum word 
lines are formed by the conventional method in 
Fig. 12d). Figure 13 shows the cross-sectional 
SEM view. 



Fig. 13— SEM cross sectional view of 3D stacked 
capacitor cell. 



Fig. 14— Leakage current of capacitor film. 


3.3.2 Capacitor dielectric film 
A key technique of the process for the 
stacked capacitor cell is the formation of the ca- 
pacitor dielectric film on the poly-silicon. The 
4-Mbit DRAM requires a film thickness not 
more than 10 nm (effective oxide thickness). 
There is also a physical limit for the silicon oxide 
film thickness. When the thickness becomes 
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Fig. 15-Stress current on lifetime (0.1% cumulative 
failure). 

5 nm or less, the conductivity mechanism of the 
film is changed and its dielectric characteristics 
rapidly deteriorate. Therefore, the film cannot 
be thinner than this limit. 

To determine the minimum limit of film 
thickness, I-V characteristics were measured as 
shown in Fig. 14 using a film 5 nm thick (effec- 
tive oxide thickness) which is close to the physi- 
cal limit, and by using a test pattern having a 40 
mm 2 capacitor area and having the equivalent 
steps as a 4-Mbit DRAM. This measurement 
confirmed that the leakage current per cell un- 
der the device operating conditions is not more 
than 10" 16 A. 

In addition, the time dependent dielectric 
breakdown (TDDB) of the capacitor film was es- 
timated by an accelerated test using constant- 
current stress (see Fig. 15). The operating life of 
the capacitor film calculated using the current 
acceleration factor obtained from the test result 
was essentially infinite even for a film thickness 
of 5 nm. 

The results of these measurements showed 
that the capacitor dielectric film on the poly-sili- 
con has sufficient charge retention characteris- 



Fig. 16-Master slice/wire bond option control circuitry. 

tics and operating life even when its thickness 
is close to the physical limit. Consequently, a ca- 
pacitor film having a 7 nm to 8 nm thickness was 
selected considering fluctuations in the produc- 
tion process. 

4. Development of mega bit CMOS DRAM 

4.1 Eight types of 1-Mbit DRAM on the same chip 

This section explains the circuits and fea- 
tures of Fujitsu’s CMOS DRAMs that use the 
three-dimensional stacked capacitor cell and 
CMOS peripheral circuits described in the pre- 
ceding chapter. 

The MB8 1C 1000/1/2/3 series having 1-Mbit 
x 1-bit organization and the MB81C4256/7/8/9 
series having 256-Kbit x 4-bit organization from 
eight different types of 1-Mbit DRAM are fabri- 
cated on the same bulk chip. The type of DRAM 
product is selected by means of the aluminum 
master-slice and wire bonding in the assembly 
step. Figure 16 shows the control circuit for 
these DRAMs. When PF2 and FP3 are pulled up 
to Vcc or down to Vss, the FAST PAGE (FPG), 
NIBBLE (NB), STATIC COLUMN (SC), 
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Fig. 17-Address counter block diagram for nibble mode and serial access mode. 



a) Row decoder b) Row decoder 


of 256-K DRAM of 1 -M DRAM 

Fie. 18— Comnariosn of row decoder between nMOS and 

or SERIAL ACCESS (SA) mode can be selected. 

Figure 17 shows the address counter con- 
nections to provide the SAmode. In the 256-Kbit 
x 41-bit organization, continuous 2-Kbit data 
can be accessed at high speed by operating all 
counter bits AqC to AgC. If two low order bits of 
this counter are used, the NB mode can pro- 
vided. In the 1-Mbit x 1-bit organization, the 
counter operation is the same as in the 256-Kbit 
x 4-bit organization except that the address 
boundaiy is AoC to A 9 C. 

4.1.1 Power consumption 

The MB81C1000 series uses a p-type sub- 
strate and n-well CMOS technology to provide 
low power consumption and high speed opera- 
tion at the same time. Figure 18a) shows the cir- 
cuit of the row decoders used in MB81256 based 
on conventional nMOS technology. During ad- 


dress decoding in MB81256, all other decoders, 
except the selected one, repeat charging and dis- 
charging at every memory cycle. In the 
MB81C1000 shown in Fig. 18b), only the se- 
lected 1-bit decoder repeats charging and dis- 
charging. All other decoders are in the standby 
state (NODE N\ = H). Because of this feature, 
the gate capacitances of large transistors Qi to 
<?4 are not charged and discharged every cycle, 
and unnecessary power consumption is avoided. 
Furthermore, ground noise and substrate noise 
caused by discharging can be eliminated, result- 
ing in stable operation of the sense amplifier. 

Because the reset level of the bit lines is set 
to about 1/2 V C c> the charging and discharging 
current (which significantly affects the power 
consumption of the DRAM) is reduced to about 
35 percent that of the conventional Vcc reset- 
ting method. In addition, each bit line is divided 
into four sections by the shared sense amplifiers 
located on both sides of the column decoder in 
the middle. This enables the elimination of 
charging and discharging bit lines that are not 
operated for reading and writing. With this de- 
sign an effective reduction in power consump- 
tion is also achieved. 

4.1.2 Reliability 

Setting the bit line reset voltage to 1/2 Vcc 
results not only in low power consumption but 
also improved reliability. 
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Fig. 1 9— Photomicrograph of 4M DRAM (Chip size is (4.92 x 13.22 mm 2 ). 


First, by making the voltage potential of the 
bit line reset level equal to that of the capacitor 
plate of the cell, the electric field at the capacitor 
film is reduced by half. This enables the capaci- 
tor film to be much thinner, reduces alpha-parti- 
cle-induced soft errors, and improves the time 
dependent dielectric breakdown (TDDB) of the 
capacitor film itself. 

Second, the potential of the capacitor plate 
of the cell and the bit line reset voltage are set to 
follow the fluctuation in the power supply (Vcc)* 
This stabilizes the read signal voltage to the 
sense amplifiers regardless of fluctuations in 
Vice, and makes the device highly resistant to 
Vcc noise (V bump). 

Third, boost circuits, including the word 
driver, can be eliminated and fully static circuits 
are used for all internal circuits. As a result, the 
memory not only has the advantageous feature 
of a CMOS circuit that is highly resistive to 
small leakage current, but also eliminates the 
characteristic degradation, including that due 
to hot carriers. 

The fourth advantage of the 1/2 Vcc reset 
system is the reduction in the peak current of 
Vcc power supply. Excessive peak current 
causes noise which adversely affects memory 
device operation. This has frequently caused 
troubles in users’ boards. 

In the MB81C1000 series, the peak current 
is lowered to 100 mA or less by using the 1/2 Vcc 


reset system as well as other techniques, mak- 
ing it possible to produce a device easy to use. 

4.2 Development of 4-Mbit DRAM 
MB81 41 00/81 4400 series 

A 4-Mbit DRAM that can be mounted in a 
300 mil dual in-line package (DIP) has been de- 
veloped 12) through the incorporation of a 
memory cell having the three-dimensional 
stacked capacitor structure using four-layers of 
poly-silicon and the scaling of CMOS devices. 
Figure 19 shows a photograph of the chip. 

The major technical issue when mounting a 
4-Mbit DRAM to a 300 mil DIP is how to assure 
the cell area under the restrictions imposed by 
the package while maintaining cell capacitance 
and immunity to alpha-particle-induced soft er- 
rors. Considering the immunity to alpha-parti- 
cle-induced soft errors of the stacked capacitor 
cell, Fujitsu has set the cell area at 7.5 |Llm 2 ; this 
is the minimum reported cell area for 4-Mbit 
DRAM. This cell area was selected because it en- 
ables a chip area of less than 70 mm 2 and be- 
cause the memory device can be mounted in a 
conventional package. 

The development of the 4-Mbit DRAM 
MB8 14 100/8 14400 series had three objectives: 

1) Electric characteristics, including the al- 
pha-particle-induced soft error rate, must be at 
least equivalent to those of existing DRAMs. 

2) The 4-Mbit DRAM must be compatible with 
various packages and capable of being 
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Fig. 20-Block diagram of 4M DRAM (Address clocks shape whole chip, but each 
1-Mbit blocks has its own clock generator). 


3) High-quality and inexpensive memory must 
be supplied to users by using stacked capaci- 
tor cells which have already been mass pro- 
duced. 

4.2.1 Design concept fo 4-Mbit 
DRAM 

The chip area of the newly developed 4-Mbit 
DRAM is small (65 mm). It can be mounted not 
only to the 300 mil DIP but also to various pack- 
ages such as the Small Outline J-leaded package 
(SOJ) and Zigzag In-line Package (ZIP) which 
have the same size as a 1-Mbit DRAM. The cir- 
cuit design followed that of the 1-Mbit DRAM as 
much as possible, but with improved power con- 
sumption and operating speed. The design im- 
provements are the 1/2 Vcc reset system for the 
cell plate and bit lines, determination of word x 
bit organization by wire bonding, and position- 
ing of partial peripheral circuits in the middle of 
the chip. 

For large-capacity DRAMs of 1-Mbit or 
more, the division of the memory cell array is 
very important for determining the overall char- 
acteristics of the DRAM. This is because the 
length of aluminum wiring in a chip is increased 
from 10 mm to 20 mm and the delay time in wir- 
ing becomes an important factor in the DRAM 


speed. In many cases, the power supply and 
ground line may receive the noise generated 
when all decoders and sense amplifiers in the 
array are operated at the same time. This re- 
stricts the margin of device operation. In addi- 
tion, electro-migration must be considered in or- 
der to determine the power line width. 

4.2.2 1 -Mbit blocking organization 

Because the sense amplifier pitch in the 
4-Mbit DRAM can be reduced due to the use of 
polycide bit lines, 1024 sense amplifiers are posi- 
tioned in an array in the Y direction (direction 
of shorter side). Therefore, the length of the 
shorter side of the chip is 4.84 mm; this is less 
than the maximum length for a plastic 300 mil 
DIP. A cell array of 1024 columns x 512 words 
(512 Kbits) is considered a unit. Eight blocks of 
this array are laid in the X direction (direction 
of longer side) to configure a 4-Mbit array. When 
compared with the 1-Mbit DRAM, the chip area 
of the 4-Mbit DRAM is increased by only 28 per- 
cent (comparison between Fujitsu products). 

Although the bit line reset voltage is set to 
1/2 Vcc to reduce the power consumption, the 
charging or discharging current of bit lines 
reaches 70 mA (tnc = 180 ns) when all arrays of 
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the 4-Mbit DRAM operate at the same time. In 
the 1-Mbit DRAM, the charge and discharge 
current were reduced to three-fourths of the con- 
ventional value through the divisional driving of 
arrays. In the 4-Mbit DRAM, only one-fourth of 
the arrays are driven and the current consump- 
tion by bit lines is reduced to about 18 mA. After 
current consumption by arrays is reduced, the 
power consumption of peripheral circuits be- 
comes the next problem. 

The increase in power consumption due to 
the increase of DRAM capacitance, and the dete- 
rioration in access time due to the wiring delay 
time have been suppressed by improving the 
DRAM performance through the scaling of the 
transistor size. However, for a large capacity of 
4-Mbits, the improvement in memory device 
performance made only by scaling the transistor 
is approaching its limit. This is because the wir- 
ing delay time becomes the dominant perform- 
ance factor as described before. 

To solve this problem, the blocking of cir- 
cuits, including peripheral circuits, is used and 
the power delay product in the peripheral cir- 
cuits is greatly improved (see Fig. 20). A 1-Mbit 
array containing a cell array and a clock genera- 
tor circuit to drive the array is considered a unit 
block. The 4-Mbit memoiy is configured by four 


such blocks. During normal reading or writing, 
only the selected 1-Mbit block is operated. Con- 
sequently, the chip can maintain high speed and 
low power consumption because it operates un- 
der an internal load as small as that of a 1-Mbit 
DRAM. 

4.2.3 Test mode 

Since the development of the 1-Mbit DRAM, 
the issue of increasing the test time as the 
memory capacity increases has arisen. This is a 
serious problem even for the 4-Mbit DRAM. For 
example, when a DRAM of 4-Mbit x 1-organiza- 
tion is tested with a cycle time of 300 ns, a test 
time of about 15 s is required even when a simple 
marching pattern is used. For the 1-Mbit 
DRAM, the parallel test mode is activated by ap- 
plying a voltage higher than Vcc to the Test En- 
able (TE) pin which used to be an NC pin. How- 
ever, for the 4-Mbit DRAM, reduction of the test 
time is strongly desired at the board level and 
there is no unused pin. Therefore, the 4-Mbit 
DRAM is designed to have an 8-bit parallel test 
mode controlled by the TTL logic input. 

Table 2 lists the test functions employed for 
the 4-Mbit DRAM. Figure 21 shows their timing 
charts. The parallel test mode entry is done by 
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Table 2. Function of Multi bit test 
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Fig. 22-Output wave form operating in a fast page 
mode. 


the WE, CAS before HAS (WCBR) cycle. The exit 
cycle is done by the RAS only refresh or CAS be- 
fore RAS cycle. During test mode operation, re- 
fresh can be executed in either the simple read 
cycle or WCBR entry cycle. 

For the test result output, the D ou t pin out- 
puts “1” for “pass” when all data of the eight par- 
allel read bits matches, and “0” for “fail” when 
at least one bit of data does not match. The 
3-state output method which uses a high imped- 
ance state for test result output is not used, thus 
the test can be executed easily on the board. 

43 Characteristics of 4-Mbit DRAM 

The 4-Mbit DRAM designed as described 
above operates at high speed with low power 
consumption. Figure 22 shows the output wave- 
form of the DRAM in the fast page mode. The 
measurement conditions are: power voltage Vcc 
is 5 V, ambient temperature is 25 °C, andRAS- 
CAS delay time *rcd is tRCDmax- As shown in the 
figure, the RAS access time is typically 56 



Fig. 23 -Average V cc current (/ cc l) vs V cc voltage. 



Fig. 24— Average V cc current (/ C cl) vs operational 
frequency. 

ns. This is faster than that of 256-Kbit and 
1-Mbit DRAMs. 

Figure 23 shows the average operating cur- 
rent (Vcc) dependency of the power voltage 
(fcci)- Figure 24 shows the cycle time dependen- 
cy of Zcci- For reference, data of a 4-Mbit DRAM 
is compared with data of a 256-Kbit DRAM 
(MB81256) using nMOS technology. Under typi- 
cal conditions, the operating current of the 
4-Mbit DRAM is 34 mA, while that of the 
256-Kbit 
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Fig. 25 — Accelerated alpha particle induced soft error 
result. 

DRAM is 48 mA. The comparison reveals a 
large reduction in the operating current. This 
results from the array division. The memory cell 
array is divided into eight sections and confi- 
gured in four blocks consisting of independent 
1-Mbit blocks, including the peripheral circuits 
to drive the arrays. 

The 4-Mbit DRAM has the same power con- 
sumption as a 1-Mbit DRAM because it executes 
operations equivalent to that of a 1-Mbit DRAM 
using its internal circuits, including peripheral 
circuits. This is a large advantage for PC board 
assembly. The memory board capacity can be in- 
creased four times by using the 4-Mbit DRAM 
without changing the power supply or cooling 
system. 

The peak current of the 4-Mbit DRAM is 
rather low (100 mA) compared to a 256-Kbit 
DRAM. 

Reduction of the alpha-particle-induced soft 
error rate is a large problem if the reliability of 
mega-bit DRAMs is to be increased. Figure 25 
shows an example of the test results for soft er- 
rors using an accelerated test. In this test, alpha 
rays were irradiated onto the chip surface and 
the soft error rate was measured while altering 
the DRAM operation cycle time. As shown in the 


figure, the major cause of soft errors is the bit 
line mode. Few soft errors are observed in the 
cell mode partly because only a small charge is 
collected by the stacked capacitor cell 13) : It has 
already been confirmed that the soft error rate 
of the 4-Mbit DRAM is lower than that of the 
1-Mbit DRAM because of the scaling of the p-n 
junction area 14) . 

Regarding the packages for the 
MB8 14 100/8 14400 series, the 300 x 675 mil 2 
SO J can be used as described previously. In ad- 
dition, new 300 mil DIP and 400 mil ZIP are un- 
der development. The JEDEC standard for the 
4-Mbit DRAM package has not yet been estab- 
lished (except 350 x 675 mil 2 SOJ) because of the 
large restriction imposed by the various chip 
sizes of different manufacturers. If the JEDEC 
standard is established, Fujitsu will develop the 
corresponding package. In addition, Fujitsu 
plans to study the possibility of using a 300 mil 
SOJ having compatibility with a 1-Mbit DRAM 
in order to realize a single in-line module (SIM) 
mounted with 4-Mbit DRAM. 

5. Future objectives 

Currently, 1-Mbit DRAMs are mass-pro- 
duced, 4-Mbit DRAMs are being accepted in the 
market, and the concept of 16-Mbit DRAMs is 
being considered. In this age of mega-bit capaci- 
ties, the device and process technologies are 
changing rapidly. 

As the process technology improves, a new 
concept of memory cell technology is required. 
Fujitsu plans to promote the further miniatur- 
ization of stacked capacitor cells to be used for 
16-Mbit DRAM memory cells. 

As part of this advance in technology, Fujit- 
su presented a DIET capacitor cell at IEDM in 
1986. DIET combines the advantages ofboth the 
stacked cell and trench cell. It can theoretically 
achieve a large cell capacitance and could be 
realized by burying a three-dimensional capaci- 
tor cell into an insulated trench capsule. In addi- 
tion, a system to supply cell-plate voltage from 
the capsule layer in the substrate has been de- 
veloped. To supply cell-plate voltage from inside 
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the substrate is a new system. 

As shown by the above discussion, the pro- 
cess technology to realize a new memory cell 
must be found by trying various process technol- 
ogies and looking at all possibilities. Such meth- 
ods of development do not determine one choice 
only, but also expand the overall potential. Fujit- 
su will continue to develop the technologies for 
those device designs that respond to the diverse 
needs of the market. 

In device technology, Fujitsu plans to devel- 
op products having added value and more func- 
tions in the field of ASICs (including video prod- 
ucts) that are based on the general purpose 
products described in this report. Fujitsu will 
continue to introduce high-quality, high-perfor- 
mance devices for the market. 

6. Conclusion 

Quadruple integration every three years 
has still been maintained in the Mega bit era. 
The 3D STC was the key technology for this 
steady progress of DRAM development. To de- 
velop this type of DRAM cell, overall process de- 
sign was needed, such as fine lithography, ultra 
thin capacitor film, cell capacitance, and OC-im- 
mune cell structure. 

Combining the high performance CMOS 
DRAM circuits with the STC cell technology, we 
developed the industry’s smallest 4-Mbit DRAM 
having an access time of 56 ns. 
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